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NOTICE TO REPORT READERS/REVIFWERS

The Big River Reservoir feasibility study presented
in preceding volumes of this report, focused on the devel-
opment and selection of a plan for solving the flooding,
water supply and recreation problems of the study area
(including the Pawtuxet River Basin).

Information contained in this Attachment I presents
documentation of detailed studies undertaken to formulate
plans for flood damage reduction in the Pawtuxet River
Basin. These plans, and the recommendations of the study's
report were incorporated in the plan formulation process
of the Big River Reservoir Study and were utilized in the
development of water resources management plans.

Attachment I, therefore, provides the reader with
detailed descriptions of the planning process conducted
for the Pawtuxet River Basin flood damage reduction study
which is summarized in the preceding report volumes.
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INTRODUCTION

The purpose of this study Is to investigate the flooding and asso-
ciated water resource problems in the Pawtuxet River Basin and to
develop a plan, acceptable to the local interests, that would solve
these problems. Various flood "ontrol alternatives responsive to the
needs of the basin are presented in this report.

ST 71v AUTHORITY

This report is submitted in partial c,;npliance with seven Congres-
sional resolutions, combined under one resolution adopted by the
Committee on Public Works of the United States Senate. These
resolutions submitted after the March 1968 ilood, authorized the
Pawcatuck River and Narragansett Bay Drainage Basins (PNB) Study,
which includes the Pawtuxet River Basin.

SCOPE.OF THE STUDY

This report presents the results of a study of the flooding and water
resources problems in the Pawtuxet River Basin, one of five major
watershedzs in the Pawcaruck River and Narragansett Bay Drainage
Basins (PNB) Study. It makes a determination of the advisability of
making improvements in the interest of flood control and allied
purposes. A map showing the relationship of the Pavt.Ixet River to
the entire PNB study area follows as Plate I-i. AI] reasonable
alternative plans to solve the area's water resour,:e problems were
considered. The selection of the recommended plan was made after
considering all factors, including those expressed by concerned
agencies and local interests. The studies were made in the depth
and detail needed to permit plan selection and to determine its
feasibility.

The remainder of the river basins included in the authorizing

resolutions will be considered in separate feasibility studies. See
Appendix for listing of reports. A separate ongoing interim report
for Big River Reservoir in the headwaters of the South Branch
Pawtuxet River is currently being prepared by this office. That
report is investigating the socio-economic effects as well as
deriving detailed costs for the multi-use reservoir. Several
preliminary reports have derived various cost estimates for a water
supply reservoir and A water supply-flood control reservoir. These
prior estimates considered varying subsurface conditions as a part of
the ongoing study. A detailed foundations and materials analysis has
been undertaken. This report is attached to the detailed Big River
Reservoir report.



STUDY PARTICIPANTS AND COORDINATION

The New England Division, Corps of Engineers, had the principal
responsibility for conducting and coordinating the study and the plan
formulation, consolidating information from the studies by other
agencies, and preparing this report. Other participants were con-
tacted during the progress of the study and their views incorporated,
included the following:

Federal Agencies

U.S. Fish arnd Wildlife Service
U.S. Environmental Protection Agency
New England River Basins Commission

State Agencies

Rhode Island Water Resources Board
Statewide Planning Program
Department of Public Health
Department of Environmental Management
Historical Preservation Commission

Local Agencies/Organizations

City of Warwick
City of Cranston
Town of West Warwick

Four initial public meetings were held in May 1969 for the PNB study.
These meetings were held in Taunton and Uxbridge, Massachusetts and
Providence and Kingston, Rhode Island. The purpose of these meetings
was to afford local interests the opportunity to express their needs
and desires, to exchange information concerning the study, and to
comment on some of the possible plans that could be considered.
Subsequent to those meetings, numerous informal meetings were held
with State and municipal interests and concerned citizens.

Two plan formulation public meetings were held on 6 and 8 May 1975 at
Warwick and Cranston, Rhode Island, respectively. The purpose of
these meetings was to present all of the alternative plans developed
during the investigation and to incorporate public desires in plan
formulation and choice of the most desirable alternative. Informa-
tion booklets jand plans were distributed prior to these public
meetings to all concerned Federal, State and municipal interests,
news media, and approximatley 325 organizations and individuals. At
these meetings, the people supported the Natick Diversion tunnel, the
Norwood Local Protection, the Warwick Avenue Local Protection and a

2



I F  I

PD

PAWTUXET RIVER WATERSHED -- N ~TPjN

ATLANTI
C

4 c 4U/CE IN il



j, .

CONT LEOENDAR

A STATE L.NE

PD PROVIDENCE RIVER GROUP

_____ PAWTUXET RIVER BASIN

TN TAUNTON RIVER BASIN

4: 
PK PAWCATUCK RIVER BASIN

to LOCAL DRAINAGE

OCA

WATER RERSOURCES MANAGRMRNT REPORT

PAWTUXET RIVER BASIN
RHODE ISLAND

SCALE IN MILES 
PN8 STUDY AREA

________________________ 9w IN6110RO DER1IIN. CORPS of 111111111111

PLATE 1-i



Ifuture action program co-sisting of incremental flood control storage
at Big River Reservoir. I'hey requested that additional enviroormental
studies on the diversion tunnel be conducted along with a nonstruc-
tural plan for the heavy damage areas.

The reqvested .o.-k iems evciving from the public participation
program were complete(l. A subsequent public meeting was hct)d In
Warwick w,. 14 October 1976 prcsenting the results of th:e stc
findings, Copies of -he re, -r, -i-. the draft Envircnmertal Im'act
Statement ic,re distrihuted to the pL,' ic prior to the metLing. T!-,
recommended 1 en consisted of the- sat '-a.res previously pre-
sented. "This plan was now fouid to b,± unacceptable to the publ.ic.
Although the plan was economically feasible, opposition from out-of-
basin residents cited high constructL-on costs ($E0,000.OOC pro:_ec;
cost) and fear of environmental harm to Apponaug Cove and Greenwich
Bay.

Subsequent meetings held tetween October 1976 and May 1977 to
determine the future course of action resulted in additional plans
being offered for conservation. They .v!re presented at another late
stage publIc meeting held on 9 May '.9; Local fLood management
measures and ;,tudy c'inrigs wcre= discus,,ed w:ith Warwick and State
officials on 3 March 1979, Warwick residents on 8 March ]979. .Id
Cranston officials on 4 May 1979.
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STUDIES OF OTHERS

Numerous reports have been prepared focusing attention on the
Pawtuxet watershed. Some of the more pertinent are listed below:

Early Rhode Island Water Supply Reports, 1928-1936

Flood Control Survey Report of 1939

The New England-New York Inter-Agency Committee Report. March,
1955

Navigation Survey Report, June 1961

Narragansett Bay Area Hurricane Survey Reports, August, 1957

Rhode Island Water Supply Reports, June, 1967

Northeastern United States Water Supply Study Feasibility
Report, November, 1969

Flood Control Reconnaissance Report, December, 1971

North Atlantic Regional Water Resources Study Report, June, 1972

Brown University Water Quality Report, August, 1972

Cranston Flood Hazard Analysis Report, September, 1973

Flood Control Project Environmental Reports, February, 1975

Southeastrn New England Study, March, 1976

Mathematical Model Analyses, March, 1976

EPA Water Quality Study, September 1975

PNB Water Supply, Study, January 1979

U.S.G.S. Water Resources Investigations

Rhode Island Statewide Planning Program, Public Water Supply
Plan, September 1969

Providence Water Supply Board Report, 1968

Bristol County Water Supply Report, May 1979

4



Flood Insurance Studies under the authority of the National
Flood Insurance Act of 1968 have been completed f or Coventry,
Cranston, Providence, Exeter, Johnston, Warwick, West Warwick
and West Greenwich. These communities are now on the Regular
Program.
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National Objectives

These objectives are directed towards National, State, and local water
and related land resource management needs specific to a given study
area that can be addressed to enhance multiple objectives of National
Economic Development (NED) and Environmental Quality (EQ).

Components of the NED objective for the Pawtuxet River Basin are:

I. Reduce flood damages along the mainstem and trlbutarie il the
Pawtuxet River.

2. Opportunities for additional oater supply to the State of Rhode
Island.

3. Improve the economy of the underemployed labor force.

Components of the EQ objective for this study area are:

I. Prevent further water quality degradation of the Pawtuxet River
and its tributaries.

2. Create recreational areas to satisfy local demand for
noncontact uses.

3. Develop a management plan precluding unwise use of the flood
plain.

Existing Conditions

The Pawtuxet River Basin located in west-central Rhode Island
consists of two pr:incipal branches which merge to form a 10.9-mile
long main stem. The North Branch rises in the hilly uplands of Foster
and Glocester iear the Connecticut border and flows in a generally
southeasterly direction through Providence and Kent Counties toward
Narragansett Bay. The other branch, the South, originates in the slightly
lower uplands of Coventry, West Greenwich and Exeter in Kent County, and
flows easterly through West Warwick. At this town it merges with the
North Branch to form the mainstem of the Pawtuxet River. The river
flows in a northeasterly direction, through West Warwick, Warwick and
Cranston before it discharges into Narragansett Bay via Pawtuxet Cove.
Flows from several smaller tributaries enter the mainstem.

The watershed is triangular in shape, having a maximum length of 18
miles running west to east and 23 miles width from north to south. The
drainage area at its mouth in Pawtuxet Cove is 230 square miles. The
Woonasquatucket and Blackstone River Basins bound the watershed on the
north, the Thames Basin on the west, the Pawcatuck on the southwest and
Narragansett Bay local drainage on the southeast. A basin map Is shown
on Plate II-I.



The Pawtuxet Basin has an average temperature of 50OF and a range from
-15OF up to 1000F. The annual precipitation averages between 40 and
48 inches, with an average annual snowfall of about 38 inches. Table
11-1 shows monthly and annual precipitations at Providence, including
mean monthly snowfall. The area escapes the severity of cold and the
greater depths of snowfall experienced in the higher elevations of
interior New England due to the moderating influence of Narragausett
Bay. The climate is variable, with frequent but generally short periods
of heavy precipitation caused by four general types of storms:

Continental storms originating over the central or western United
States, move east with the prevailing westerlies. They may be rapidly
moving cyclones, or stationary frontal storms of varying intensity which
follow one another at more or less regular intervals throughout the
year.

Extratropical coastal storms move northeasterly up the coast of the
United States, generally in the autumn, winter, and spring months. They
may develop into "northeasters" which can stall off the New England coast
for several days.

Tropical coastal storms which may have impact on New England between late
spring and early autumn, usually move northward along the Eastern Sea-
board and then recurve northeasterly, passing to the south and east of
New England. Hurricanes, the most severe of the tropical storms, may be
drawn over the New England area by continental cyclonic disturbances or
deflected by "blocking highs" east of New England. The lower reaches of
the Pawtuxet River are susceptible to the tidal flooding that usually
accompanies tropical hurricanes.

Thunderstorms produced by local convective activity during warm, humid
days in the summer, or associated with a frontal system moving across
the watershed, can cause local flooding on tributary streams or more
general flooding when abnormal streamf low or saturated surface con-
ditions exist.

TOPOGRAPHY

The Pawtuxet River Basin is located entirely within the New England
Physiographic Province, which is a subdivision of the Appalachian High-
lands that extend from Newfoundland to Alabama. The eastern two-thirds

2
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of the basin lies within the Seaboard Lowland Section where elevations
range from sea level near the coast to over 500 feet inland. Moderately
hilly topography becomes more rugged proceeding westward and northward.
Valleys become narrower and moderately steeper, contributing to
extensive development of industrial dams.

The western third of the basin lies within the New En~gland Upland Sec-
tion, with elevations ranging from 300 to over 700 feet. The irregular
topographic surface of the basin is controlled primarily by underlying
bedrock rather than by surf icial materials. The moderately hilly topo-
graphy was modified by glacial activity whi 'h eroded the hilltops and
deposited materials in the valleys, thereby rcducing the overall relief
of the area.

SURFICIAL GEOLOGY

Glacial deposits occur throughout the basin. They vary from shallow
thickness at higher elevations on the sides and tops of hills, to con-
siderably greater thickness in the valleys and at lover elevations.
These deposits are essentially mixtures of sand, silt, gravel, and boul-
ders. Moderately extensive swamps contain soft organic silt and peat.

Ground moraine or till -- an unsorted mixture of particles ranging from
clay-size to boulders -- is the principal deposit of the basin. Outwash
plains of sand and gravel are prevalent in the eastern and southern
parts.

Future planning and development of the basin is subject to the geologic
restraints of these topographic conditions. Foundation conditions are
generally good. Subsurface drainage is poor to fair. The eastern and
southeastern sections are highly developed, due to the relative ease of
working with these glacial deposits. Planning must place a strong, con-
trolling emphasis on low permeability soils in the hills, high ground-
water levels in the valleys, and significant flood plains in the lover
basin.

Engineering factors include bearing capacity, which is generally good in
the basin except in swamps, control of surface water in areas of low
permeability soils, and monitoring of groundwater levels.

Construction factors include the difficulty of excavation in high
density soils where boulders are present and where bedrock is at or near
ground surface. Areas of sand and gravel deposits in valleys are
generally most desirable for construction projects.

4



9 BEDROCK GEOLOGY

The bedrock of the Pawtuxet River Basin includes metamorphic, igneous,
and sedimentary types. The central portion of the river basin is exten-
sively granite, sandstone, slate, and conglomerate to the east. Two
faults within the basin are not considered major or active.

Planning factors center on the desirability and difficulty of excavation
of rock used for construction purposes.

Engineering factors are concerned withi utilizing the high compressive
strength, slight weathering action, and good to excellent durability
characteristics.

Construction factors relate chiefly to the high excavation difficulty
encountered on the sides and tops of hills.

SEISMIC ACTIVITY

Most of the basin is classified as an area of minor damage potential.
The northern most section may undergo moderate damage. The potential for
earthquakes must be evaluated and appropriate factors applied to
designs.

MINERAL RESOURCES

There are seven active sand and gravel producers within the basin.
Until recent years, anthracite coal was mined intermi.ttently in
Crans ton.

WATER SUPPLY

Groundwater supplies exist in varying amounts throughout the basin. The
western half and the western sections of Cranston and Johnston are
served by private wells. The two most promising groundwater reservoirs
lie in the southeastern Coventry-northeastern West Greenwich area and in
the eastern Cranston-southwestern Providence area. More than three
million gallons per day (MGD) are presently withdrawn from the Cranston-
Providence aquifer by industrial users. But the high potential for con-
tamination from urban development, plus moderately high iron and
chloride concentrations, make it unlikely that public supply wells will
be developed here.

In the South Branch drainage area, the Kent County Water Authority ob-
tains nearly 3 MGD f rom the edges of the Coventry-West Greenwich

5



aquifer, which is of good chemical quality. Possible future export of
groundwater from this system could result in reduced natural discharges
into tributary streams and the South Branch. Although injection of
treated wastewater has been rejected as uneconomical for aquifer
recharge, spray irrigation is considered a future option for aquifer re-
charge in the South Branch system.

Surface water from the Scituate Reservoir and five upstream reservoirs
is supplied to much of the eastern portion of the basin. The Providence
Water Supply Board obtains 72 MOD from these sources for the Providence
system, as well as for sale to other communities. Projections indicate
current supply will be unable to meet demand in 1985-90, and the Rhode
Island Water Resources Board has acquired land and has initiated design
studies for the proposed Big River Reservoir project, upstream from the
southern arm of the Flat River Reservoir. It would have an initial
yield of 29 MGD for an expanded Providence system.

WATER QUALITY

Existing water quality classification in the Pawtuxet River Basin are as
follows:

Class A -- suitable for domestic water supply: Scituate Reservoir and
the Big River;

Class B -- suitable for domestic water supply with appropriate treatment
and for swimming: Flat River Reservoir and the upper reaches of the
North and South Branches;

Class C -- suitable for fish and wildlife habitat and boating: most of
the main stem and the lower reaches of the North and South Branches;

Water quality problems, which are mainly in the lower reaches of the
tributary streams and in the entire mainstem, can be attributed to in-
adequate septic tank systems, urban runoff, sluggish flow conditions
caused by numerous dams, frequently inadequate streamf lows to assimilate
the effluents from existing treatment facilities inundation of sludge
drying areas, and leachate from solid waste disposal areas.

There are three municipal wastewater treatment plants along the mainstem
of the Pawtuxet River in West Warwick, Warwick and Cranston, plus a
State sewage treatment facility at Cranston, in addition to several
other industrial treatment plants within the basin. Expansion of these
plants and/or a new plant at Coventry is under consideration.

6



Although all facilities now provide the equivalent of secondary9 treatment, future growth and plans for expanded sewerage systems will.
result in additional pollutional loads being placed on the receivinq'
waters of the lower Pawtuxet Although the overall w,er qualit -f Ki.e
Pawtuxet has improved considerably in recent years, it is not expected
that Class B waters can be r, adily attained in the low,,er Pawtuxet in the
near futuce. As significant augme:.:tation of existing low streamflows

(particularly low during most weekends) appears unlikely in'. view of
increasingc water supply demands, it appears that more sophistic.tel
treatment Leasures will be required at existing treatment plants
higher qua'ity water is deemed nees:'cry.

SOILS AND VE.?TATION

The lowlands of the basin consist of well drained, Merrimac, fP-r sindy
loam with narrow bands of poorly drained alluvial soil in the br [tom
lands along mary streams. The low hills are principally wl.. drained,
Narragansett fine sandy loam. in the higher uplands, the predomi-
nant sol! is woll drained, Glocester, stony, fine sandy loam, witi exten-
sive areas of rough, stony land.

Dairy farming, poultry farming, fruit grow!:ig, and truck gardenijn, ar11
the principal agricultural activities : the basin, although e r, -.
tively low pe--entage oF the land 1- 1. basin is under In>,:nsi :ul
tivation or pasturage.

Outside of Providence, forested lands total betwcnr r _e.t in I ,sterr,
communities a.d 82 percent in the western comuniti" , !

Extens ie wetland areas exist in southeastern C rventry, null ~e;:err
West Greeiwi'ch, and along the Big, Nooseneck. cnd ;,,r Rt7erf. t ,
into the Flat River Reservoir. Thc!re are also r:tm'r'i smair _w Kards
in the Poctasset River and Meshanti t Brook watersOeJs. Thr, ie'-

the wetlands is the Mishnock swamp complex.

FISH AND WILDLIFE

Although the basin has an extensive network of streams and ponds wiui'
fishing potential, most of these water bodies are not accessible to the
public. All but two industrial water supply resereoi-rs are closed to
the public. Only nine streams art stocked with trout. "rincipal warm-
water harvestable fish species include largemouth and smallmouth bass,
chain pickerel, brown bullhead, suntish, and yellow and white perth,
Most of the accessible streams and ponds need fisher_, management a!: mrot
bodies within the basin c-arry unbalanced fish populations consisting

t7



principally of small, undesirable species. Existing dams and stream

pollution preclude anadromous fisheries or the development of fishways.

OUTDOOR RECREATION

The basin is oriented toward warm weather recreation. All communities
have athletic fields and tennis courts, and most lower basin communities
have swimming pools. State and municipal salt water beaches are avail-
able in Warwick. Public picnic facilities are available in all communi-
ties and at State parks in and just outside the basin.

There are five golf courses, three privately operated camping areas, and
three boy's camps. Hunting is a popular activity on public and non-
posted private lands throughout the basin. Seven trout streams are
stocked by the State.

Fresh water boating is limited to a few reservoirs and ponds. There are
a fey State boat launching ramps. The basin population has ready access
to extensive salt water boating facilities nearby. Sportfishing boats
may also be chartered.

8



HUMAN RESOURCES

POPULATION CHARACTERISTICS

The estimated 1970 population of the 230-square mile Fawtuxet River
Basin was 180,000, or 782 persons per square mile. In the more densely
populated eastern third, population densities range up to 8,182 in
Providence. In the thrue downstream rommunltles -- Warwick, Cranston
and West Warwick -- estimated population is 110,400, and populatlon den-
sity is about 2,647 persons per square mile. Table 11-2 shows cxrmunity
size and population growth. Populatlin prcjections and commun-'_ U-vel-
opment are summarized under "Future D. -opmvnnt" at the end ot tlis sec-
tion.

In 1970, 7.8 perce.. ' th- State's residents were foreign born and 25
precent had foreign or mixed parentage. Roughly one-third of the ethnic
backgrounds were Italian or Canadian. British, Irish, Portuguese,
Polish and Russians accounted for another third, with ail other origins

accounting for the remainder. The black -opulation, representing
slightly less than 3.3 percent of the State population, is mostly n.1tive
born, with over half residing within Providence.

COMMUNITY CHARACTERISTICS

The six upper basin communities average about 54.4 square miles tn area,
with Coventry being the largest with the area of 62.2 cquare w. es. The
five lower basin communities average about 22.7 sqcia'. ilcs in area
with West Warwick being the smallest with an area of '.- square miles.
Excluding inland water areas and classifying agriculi ri' lands as "un-
developed," only 6.5 percent of the upper basin was developed jn 1970 as
compared with 54.8 percenL of the lower basin. Data (oncerning median
age, education, income, huusiig and employment are presented in Table
11-3, "Community Profiles." Two cnmounities, Smithfield and East Green-
wich were excluded from the table as only approximately 25 acres in
Smithfield (mostly orchard) and 115 acres in East Greenwich (mostly
forest with limited residential development) are located within the

basin limits.

Manufacturing is the principal employment in the six lower and middle

basin communities (including Coventry), accounting for 30 to 44 percent
of the total employment. Education is the principal occupation in the
five upper basin communities, averaging about 24 percent of the total
employment. Trade is the second largest occupation in all com-munities,
followed generally by service skills, government, construction and other
skills.

9
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LW:': I,)P Il:JT AND ECONOMY

EARLY 11SVELOPIMENT

Prior to the arrival ol T'Yr p'et- settler., Rhode Island was inhabited by
five Indian tribes of A!V--tq',n sf'-ck. The first Etiropoan sttlement
was established il 4If5 b ,o,er .' amsg, wln fled the Mssachusetts
Bay Colony and plrz}as;ed :he northern half of what is now Rhode island
from the Nar:-agans ett t'l , Ot ,.,i set t -ements in th,- n fr'.i in
Cranston, Wqwick, Coventry, ani' tWrr locations.

During the earl., years (it' deveioorn.nt. scattered :i.lla-r'e werc
principallv agricultura. co nmunities. '1:ly industrie, '1 'uded
gristmnills and sa,,mil Ls -t a few waterpt-wer si -es, and an 'r-)v J ,;,udry
in Scituate. Li-Tited mining of bog tron ore, ,!,)apstone, ind gra-itv. too'k
place anI i small fishing iL hstry devo1)pec-. The senport of Providence
served the wirerboqre c.Amer,:e neoAs of the basin, -s "it r;e. today.

In the early 1800s, •'i me-,-I5 waterpower ites wcrt- de,eloped for :
manufacturing ot teytiles. .\ jewelry and silverware industry developed,
and many industrial stte-; wr establ:l:'ec along the .North and South
Branches, and t.': V.,.net R~ver- (;ubc ent~y, metal. fabricating in-

dustries dev.: -;,ed.

LATER DEVELOPMENT AND !fABAN". .A f-ON

The Industrial RevolutLon saw many major grnlipsi .2 T,¢ est-I lished
along the mainstem, the t:,rta and South ' cncc. '<. Po, asset
River. Each group becaire an ind,-:ouendent commlniu:y. Fach set of mills
was worked by a distim.t othnic g~oup, and Brittfi workers were first
displaced b-N Irish, then French-Canadian, Pol'i,, Ttaliltn, and meet
recently Portuguese. These strong, local communities ieclucned the
growth of "downtown" c.ntral. busn4 ess distriots,, _X2 ett in Provierce.

From the Civil War through lUrid War I, the arra ,nl:inue.d to prosper
and its industrial base grew. Durieg the 1920's, however, textile mills
began to move south and the lwer basin communiti-s began to decline.
There was relatively littie growti or migration during the depresrion of
the 1930's.

The turning point in the economy came in the early 1940's, when mills
were converted to war work and new industries developed, such as elec-
tronics, precision ins'"--ments, and plastic and synthetic fibers. Many
new jobs were created oi- naval Installations at North Kingstown and New-
port. And the e~tensi-.i of the tublic transit system from Pro\;idece
into the lower bisin communities, along with the growth -f p,,trrmobile

transportation created :oew suburban development.
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Between 1950 and 1970, Provide-,e lost significant population, while all
other lower basin communities grew, some very rapidiy. Many new
residents were attracted by the desirability of suburban living close to
Narragansett Bay. Migration -vs assisted by t:l! availability of a good

highway system. Two massive shopying centers were built in the Pawtuxet
flood plain, as well as a number of manufacturing and service
industries.

Despite this growth, Rhode 'sland a_- a whole has generally experienced
higher unemployment rates than the rest ef the nation. Since World War
II, there has been only one boom pe!9,e f1965-70), but four major
recessions. During the present reces r',ary period, Rhode Island's
unemployment rate has remained roughly tvice the national average.

Rhode Island has been a marginal ,roducer, quick to feel the effects of
economic downturn and slcv, to reap the rewards of prosperity. Rhode
Island has one of the low st educational atLainment levels in the
nation, thus restricting r!a-.y residents to low paying jcbs. Lack of
public services has also :estricte& the growth of ladustry.

Textiles, jewelery, and s-iverware cetiU:ue to be major industries,
with Providence still proziding the prciprnderance of jobs for basin
residences. In the other basin ormun-t es, trade, diversified manufac-
turing, government, and s rvice -ldustrc. represent t, major employ-
ment classification. The loss cf 20,000 rniitary cer;07.qel a-d 10,000
civilian jobs thrnugh the phase-out of the state's vtc r'mjor naval
installations has created severe economic hardshin ; r;lugh this should
be partially offset by the uttlizaton of -e form(--. 2' Installation
at North Kingstown for the construction of nuc-lear s-hima'!nes.

Urban sprawl and commercial strip development have characterized much of
the growth radiating out frcm tho earlier mAl, villages. New industrial
growth has tended to cluster aoang serv ce :oads or 7.itlroads, and more
recently in industrial parks. Table 11-4 siows Lan(! Use in 11 basin
communities.

TRANSPORTATION FACILITIES

Providence is a key wholesale distribution center in the heart of the
New England market. The basin is well served by all types of transpor-
tation.

Major highways include 1-95 coanecting Boston, Providence, and New York;
1-295, the southwestern end of the outer belt highway around Providence;
two high-speed connectnrs, one to the State airport; U.S. 1; and Rhode
Island Routes 2 and 4. U.S. 6 connects Providence with Hartford, and

13
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1-195 carries the Fall River-New Bedford-Cape Cod traffic. An extensive
secondary State road system serves the other sections of the basin.
Four interstate bus companies, 120 contract trucking firms, and 'ocal
and regional buses service the area.

Railroad service, both bulk freight and passenger, connects Providence
an the lower basin with Boston and-New York.

Air passenger and air freight needs are handled at the State-operated
T.F. Green airport, near the center of Warwick, with five major airlines
operating over 100 flights daily.

Waterborne commerce is served by the Port of Providence, which has a
40-foot deep main channel and 21 terminals.

FUTURE DEVELOPMENT

Sizable population increases are projected for the inner ring of suburbs
by 1990, particularly Johnston, Cranston, and Warwick. The outer ring
of communities are also expected to grow subst3ntially, especially
Coventry, with its ready access from 1-95. Table 11-2 shows these pro-
jected population totals and growth rates.

Commercial and induqtrial construction can be expected to continiTi to
meet these population increases. All of the communities in the lower
basin have developed master plans to guide this growth in an c-lerly way
and provide the neceisary public services.

15



LAND USE WITHIN THE FLOOD PLAIN

For the purpose of this report the flood plain is considered to be
that land subject to inundation at events approaching a Standard
Project Flood. The intermediate regional flood plain is the land
inundated at the one percent flood. Table 11-5 summarizes the
existing (1975) use of the flood plain-.and the available land
currently zoned for the three major land use categories along the
South Branch and the mainstem Pawtuxet River. Most of the available
residential land is located in Coventry and West Warwick. Since the
land use figures were complied, approximately 50 acres of industrial
land have been developed, some of it below Qat the hundred year
flood levels. About 20 percent of the all existing commercial and
industrial land in West Warwick, Cranston and Warwick is located in
areas subject to inundation by the Pawtuxet River.

Most of the industrial-commercial usage is in complex type devel-
opment. However, the complexes are so large that the entire mainstem
of the Pawtuxet River could be considered one very large center,
highly developed on both sides of the river, with only the river and
housing tracts separating individual components.

PUBLIC AN~D PRIVATE PROGRAMS FOR MANAGING RESOURCES

The most common program for managing or preventing growth in this
flood plain is the Flood Insurance Program. All of the basl.c com-
munities are operating under either the regular or emergency program.
To enter the regular program they, in effect, have instituted 100 year
flood plain zoning. Another program that entails planning of the
areas resources is the statewide Section 208 study conducted for
areawide wastewater management. Various local conservation groups
have set up site specific programs, as well as the local municipal-
ities, to more carefully manage the area's natural resources.

Institutions involved in resource management control a significant
area in the Pawtuxet Basin. The largest holder of a land area is the
Providence Water Supply Board, which owns and operates the Scituate
Reservoir complex on the North Branch. The Board owns about 25 square
miles of lands, virtually all above the Scituate Reservoir. The State
of Rhode Island also owns considerable land in the basin. Their Water
Resources Board owns about 8,500 acres, 13.3 square miles of land at
the location of the proposed Big River Reservoir. Several other large
areas of land have been set aside as park complexes and are owned or
operated by many public institutions. Some of the larger areas are
Snake Den State Park, J.L. Curran Park, the George B. Pawker Woodland,
Roger William Park, the Pawtuxet Reservation and Meshanticut State
Park. The institutions owning these tracts of land should be able to
insure that no development or changed conditions occur for the im-
mediate future. In addition to these land holders, the Quidneck
Reservoir Company owns and operates several fairly large water
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impoundments, on the South Branch drainage area. The largest of
these are Flat River Reservoir and Tiogue Lake. Their land holdings,
however, are minimal. They are planning to develop small hydropower
installations at some of their dams.

SIGNIFICANT ENVIRONMENTAL ELEMENTS

In the project region there are certain areas or specific sites which
have significance from particular environmental asperts. The State
of Rhode Island has identified approximately 220 places of spec7a!
geological, botanical, hydrological, zoological or aesthetic interest
throughout the State in a survey of un-que natural areas which merit
protection and conservation. This program is being directed by the
New England Natural Resources Center. To our knowledge, as a result
of our field studies, none of these sites will be impacted by any of
the alternative plans.

There are numerous sites in the watershed that are currently listed
on the National Register of Historic Places. There are also many
sites or areas with historic significance which are being considered
for inclusion in the Register. Three of these; Nooseneck Mill Sites,
New London Turnpike, and Sweet Sawmill Road are situated in the Big
River Reservoir project area. If the reservoir were built, portions

of the remaining mill foundations would be inundated, while others
would be above the permanent pool.

There are no specific, unique, environmental eleme-i's in either the

proposed Warwick Avenue Local Protection area or tNc" Prwood area that
would be impacted by construction. The Big River Reservoir project
area does posses;s certain areas dominated by coniferous forest. The
forthcoming feas[bility report on Big River will discuss all
significant environmental elements in detail.

WITHOUT CONDITION PROFILE

The condition most likely to occur in the basin without any Federal

action will be continued growth. With the advent of the Flood Insur-
ance Program the trend of unwise development of the intermediate flood

plan should be reduced, but not eliminated. Development will continue
to occur in the land area between the 100-year flood and the Standard
Project Flood. Losses can therefore be expected to increase although

not in the same proportion as prior to the initiation of zhe Flood
Insurance Program and flood plain zoning.

The entire basin is experiencing rapid growth. As such, the runoff
rate will increase substantially, causing higher flood peaks than

previously experienced. Development that is now flood free at a
hundred year flood could get damaged at a fifty year event due to this
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urbanization. The assumptions ised to derive the future hydraulic
conditions were that the communities will adhere to the zoning re-
quired under the Flood Insurance Program. No loss of natural valley
storage was anticipated. If the zoning is not adhered to and the flood
plain is filled along with upstr:eam holding areas, the situation will
worsen and greater increaser, in flood stages can be anticipated. Even
with wise development, the lower Pawtuxet's flood problems will
significantly worsen. More frequent flooding can be expected with a
larger area subject to inundation.

Problems on the North and South Branches will not be as intense as
those on the mainstem. The lower reaches c, the Meshanticut Brook and
the Pocasset River will experience the same problems as the mainstem
in addition to the increased runoft from upstream areas. They will
also feel the effects of increased stages on the Pawtuxet as those
tributaries will not be able to discharge flows as quickly and this
will result in increased heights.

PROBLEMS, NEEDS AND OPPORTITNTIES

The Pawtuxet River has been subdivided into sixteen damage zones,
shown on Plate 11-2. Only problems relating to flood damage potential
are discussed herein. Five of the zones have minor or negligible
annual damages and have been eliminated from further consideration as
part of a basin management plan. These consist of the area upstream of
Scituate Reservor, Zone 1; the area upstream of Flat River Reservoir,
Zone 2; the area between Riverpoint, the merging point of the North
and South Branch, down to the Natick Dam on the Pawtuxet mainstem; the
headwaters and upper reaches of Meshanticut Brook, Zone 4A; and the
upper reaches of Roger Williams Brook, Zone 7A. The remaining 11
damage zones are described as follows:

Tributary Streams

Zone 1A - This reach begins at the Memorial Dam impoundment at Scituate
Reservoir and terminates at the confluence with the South Branch in
Riverpoint. Potential for damages do exist, but the affected struc-
tures are dispersed thrcughout the river's reach.

Zone 2A - This area begins at the dam controlling Flat River Reservoir
and runs downstream to the confluence with the North Branch at River-
point. The major damage area in its reach is the America Hoescht,
where several structures could experience losses. Overall, damages

are slight.

Zone 4B - Meshanticut Brook - This reach commences at the 1-295 bridge
crossing south of Wilbar Avenue and ends at the normal confluence with
the Pawtuxet River. Damages at this reach are confined mainly to
residential type structure and contractor's storage yards. Most of
the flooding is due to backwater of the Pawtuxet.
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Zone 6A - Upper Pocasset River - Within this port -' i, of "he Pocas',et,
Srunning from the headwaters downstream to Resei ~oor Avenue ir

Cranston, potential dsintge are.s ar0 mai.-i re-; tial, in, !,di"g
both single family and multi-tinL 5tructuren. I a, Intertrcdiatf
flood event, portions of Rot irv, Dr-';e, LaFazia ', 'P, Center Street,
and Middle Street all Li J'ohnston, and Dyer Street in Cranston ate
inundated. Commerical-lndustrial. ii-'s.s are F'tentfa' at p'rtions of
Dyer Street, at Crurnstn Print Worts, Cranst:.n Street, Knol'wood
Avenue and Fletcher Avw. re.

Zone 6B - Lower Pocasset Fiver - Be,:i-olng at Reservoir A-J7ene 'Z

extends downstream unt-.l it .'lows i: h' P-.wtuxet :. Other than
some minor ,ommercial losses along Rc. 1r t'venuc and t, r ,-arston
Press on Pontiac Avenue, los, es are felt mainly by new -nviti-iinit
residential type establishments -inat ha-e been buiit unwise],- .-thin
the intermediate Flood limits. Most of the losses ar.- att;<.'- able to
clean up costs, replacement/repair of heating plnnt erpev r. laundry
rooms, and workshops. However, some multi-unit l ".! cr.i have
occupied basement units under water. The fli ,ding i' s zone 4s
caused by backwater conditions of the Pau7t.ixet 7<* Pr.

Zone 7B - Roger William Prook - This reach becins at "ark Avenue and
terminates at the Pawtuxet River. The f'--;('.J:g in ris rnrv' is also
caused by backwater conditions f t::e 9-wtiyet. Tho 

rr ren- -hat
would be damaged are the Atlantic 1hifng Company ai d (-ei- romplex.
Flooding in this reach as opposed to the flord:L'. ... 7 ILf is

difficult to senarate.

1 awtuxet Ri~er M7<rintewn

Damages along the reaches of the maLnstem arc e--rros.:, y K. There
are about 2,000 various types of structures subjoc t,irrint~on from
storms ranging from a yearly event up to a irr- Proje t Fro-.
Descriptions of damages by zones are di (I,- 9 in the frl lowing
paragraphs. Plates 11-3 and 1I-4 show these flooded areas.

Zone 4 - This area begin,; just downstream of the Natick Pam in
Warwick-West Warwick and terminates at the Pontiac Darn in Warwick.
Areas subject to flooding extend along the entire length of the zone. A
very high concentration of damages exists in the Mid!ind Mall and
Warwick Mall areas, surrounding stores, and an apartment complex.
Also of concern is the West Warwick sewage treatment plant. This is
due to possible water quality degradation caused by in',ndation.

Zone 5 - Starting at tre terminus of Zone 4, this zone ends at the
location of the U.S.G.S. gaging station in Cransterz. Damagpq in this
reach are not as se.-ere an in Zone 4. Most of '.he anuual dam'. . are
sustained by the Pontiac Print Works an'! the Bulovi Y.atch Comnoov.
Both of these major firms can sustain m,<erate damage a e-ents
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as frequent as the 15-year storm. Another major concern is the
Warwick sewage treatment plant. The chlorine contact tank can be
flooded by almost the yearly type event. Although physical damage is
minor, the unit is shut down and th unchlorlnated but treated
effluent enters the Pawtuxet. At between a 5 and 10-year frequency
flood, the settling tanks and ieration units can berome inundated.
Although the physical losses mount up wit> each incremental height of
water, the total losses are still relatively minor.

Zone 6 - This reach extends downstream to The Elmwood Avenue Bridge
in Warwick-Crans on. Damages in this zor.- -t-e the smallest of all
the mainstem reaches with the exception of ne 3. The Jefferson
Avenue industrial Park in Warwick consisting of Edward Electronic,
Ryder Truck Rental Company, and Colony Ford Company does sustain
heavy damages, with the initial losses starting at about a 10- year
flood event. Also in this area is a major electrical transformer
substation. This station would be inoperable during a 50-year event
and major rerouting of electricity would be necessary.

Another industrial park, Wellington Avpnue in Cranston has
experienced past damages from the 1958 flood a 10- to 15-year event.
Some intensified use of the various industrial outbuildings by a
glass storage warehouse and The Elmwood Sensors Company will result
in much higher, recurring type losses. A moderately large lumber
yard on the opposite bank in Warwick is also flood prone. It losses
depend on the amount of immovable material in storage at tho 4me
flooding occurs.

Zone 7 - This area sustains extremely high annual damages. From the
termination point of Zone 6, it extends downstream to the sewer
trestle crossing the Pawtuxet and the Ciba-Geigy Complex. Very high
damages are possible at this location, particularly on the Cranston
side. Damages would begin at about a fifteen year event. The
Atlantic Tubing complex, in Cranston, which can also become flooded
by backwater from Zone 7B, is also likely to sustain heavy damages.

An extremely flood-prone residential area is located in Warwick.
Locally known as the Belmont or Norwood area, this site located off
Elmwood Avenue has about 50 homes that would sustain moderate
damage at a hundred year flood. If a small dike, constructed by the
Corps of Engineers in 1970 with Emergency Operations funds, did not
exist, the area would be flooded annually. The dike, which was
recently overtopped, provides protection to about a fifteen year
flood level. The 100-year .Vooded area is shown on Plate 11-5.

Zone 8 - Damages in this zone are also extremely heavy. Flooding
occurs from either the Pawtuxet River flows or from storm driven
tides in Narragansett Bay. This damage area extends from the sewer
trestle at Ciba-Geigy and ends at the Broad Street Dam at the head
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of Pawtuxet Cove. Other than the Pawtuxet Reservation conservation
land in Cranston and a one-quarter mile strip of high undevelopable
land on the rivers edge between the dam and ITT Hammel Dahl Corpora-
tion in Warwick, the remaining land is highly developed and flood-
prone. The entire south bank i:n Warwick, other than tbe above
mentioned high river's edge, is oc'rupied by the Warwick Industrial
Park, which consists of 15 individual structures housing over 30
primarily industrial concerns. Each is situated at or within one foot
of the hundred year flood stage. Two concerns could receive
especially hi.gh losses: Sealol and T Hammel Dahl. Plates 11-6 at[d
11-7 sbo, the flooded areas at a 10C- r and Standard Project Flood,
respectively.

PLANNING CONSTRAINTS

- As the lower portion of the basin is highly urban, any location
protective measure must provide for Standard Project Flood
protection.

- Any channel improvements cannot worsen conditions upstream or
downstream without provisions for miti,-ation.

- Existing reservoirs are not available for flood control stcrcge due
to present usage and project life.

- Environmental impacts of out-of-basin transfer rfi .,°' t-rs must be

assessed if recommended.

- For benefit calculation purposes, all new growth must adierf- to

the provisions of the National Flood Insurance Policy as required U-
law.

PLANNING OBJECTIVES

- Reduce existing flood losses in the Pawtuxet River Basin.

- Minimize impacts to existing natural resources.

- Alert flood plain inhabitants and the general public to the
dangers of flooding in the Pawtuxet River Basin.

- Reduce social impacts to residents of the Norwood-Belmont Park

area from the trauma ol continual inundation caused by almost yearly
flooding of the Pawtuxet River.

- Minimize the potential for future additional losses to presently

undeveloped lands.
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FORMULATION OF PRELIMINARY PLANS

Principal water resource problems within the basin show the iteed for
flood management measures, phased development of public water
supplies and water quality improvement measures. Alternative
solutions for satisfying flood control needs are evaluated in this
section. Water supply and water quality improvement measures have
been the subject of previous and ongoing studies by the nhode Island
Water Resources Board, Rhode Island Statewide Planning Program, -ni
this office.

MANAGEMENT MEASURES

All potential regulatory and corrective measures for meeting te
flood protection needs of the basin were initially identiffe4 and
briefly appraised. Implausible measures were rejected. A No Action
Program (one entailing no Corps of Engineers participation) was
considered throughout the plan formulation process. It assumes that
all communities would control growth within their flood plains, at
least to meet the minimum requirements of the ongoing National Flood
Insurance Program (NFIP). The NFIP provides a Federal subsidy to
private insurers so that flood-prone properties may be eligible for
flood insurance ($90,000 limit for single family residence and
contents, and $400,000 limit for nonresidential property and
contents).

Presently most basin communities have initiated parl.ici*'ation in the
NFIP which should lead to local programs for controllIng growth
within the flood plains. Communities declining to participate become
ineligible for any Federal expenditures within a flood-prone devel-
opment, and property owners for properties within the flood plains
would be unable to obtain financing from Federally insured lending
institutions.

Regulatory measures discourage the use and development of the flood
plains, thus lessening the threat of flood damage and possible loss
of life.

Flood plain regulations help avoid repetition of past building errors
by preventing additional construction on already developed flood
plains. Communities may adopt more stringent regulations than those
required by the National Flood Insurance Program. Such restrictions
require the enactment of ordinances to implement and enforce land use
planning programs involving the delineation of flood hazard areas.

Encroachment lines drawn on the map on each side of a watercourse
show the lateral limits within which development must be restricted
in order to preserve the flood carrying capacity of the stream and
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prevent further growth in the flood plain. Figre III-1 is a sche-

matic drawing of this concept. The central portion, or tloodway,
consists of the stream channel and that portion of the adjoining
flood plain required to pass a 100-year flood. No construction or
filling should be allowed there, although parking lots, recreation,
agriculture, and other nonstructural uses may be permitted, provided
that the free flowing state of the floodway is not impaired.

The floodway fringe is the remainder of the 100-year flood plain.
Limited encroachment or filling may be allowed here, providing it
does not cause the water level of the 100-year flood to rise more
than one foot (or less if so establisk. by State or local regu-
lations). Any construction here must bu 'lood-proofed to the 100-
year flood level.

Zoning is the legal measure used to enforce land use and development
restrictions in the flood plain by governmental agencies. It insures
the safekeeping of this property for the health, welfare, and safety
of the public.

Subdivision regulations are used by local governments to control
construction in undeveloped flood plains by specifying minimum ele-
vations, drainage, location restrictions, and other conditions to
prohibit encroachment in flood hazard areas.

Land use programs for conservation, scenic, and floe4 con-trol
purposes may include land use restrictions, purchavc of 7ond use
rights, lowering of tax assessments, and other Leaur:' L: meet
public objectives -- such as preventing development in flood plains
-- while allowing continued private ownership of the land.

Other regulatory measures to lessen the threat of flood losses
include:

Building codes which specify minimum standards of design, con-

struction, and quality cf materials to reduce potential flood damages
in structures whose location in flood hazard areas cannot be pre-
vented. Such restrictions could prevent buildings from floating off
their foundations, establish minimum basement and first floor
elevations consistent with potential flood occurrences, prohibit
basements that would be subject to shallow flooding, require rein-
forcement to withstand water pressure or high velocity flow, restrict
the use of materials which deteriorate rapidly in the presence of
water, and prohibit equipment that might be hazardous to life when

submerged.
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Urban redevelopment presents opportunities to remove developments
from the flood plain and make sure that new construction in the flood
plain is designed to withstand flooding.

Tax adjustments on land dedicated to open space uses, such as
agriculture, recreation, and conservation helps to preserve unde-
veloped flood plains.

Warning signs of previous high water levels warn prospective buyers
that a flood hazard exists. Required certification by sellers that
the property is reasonably flood free Is even more effective.

Health and fire regulations should include contingency plans for
temporary evacuation of people, property, and livestock from low
lying areas, prevention of disease should water supplies become
polluted or sanitation facilities inoperative, accessibility to fire
fighting equipment, and emergency fire reporting systems.

Flood forecasting can reduce property losses significantly and save
lives. Information from the Federal government's extensive weather
forecasting system should be effectively disseminated at the local
level.

Structural components are often the most practical way to control
floods and reduce damage in heavily urbanized flood-prone areas where
regulatory measures would be too expensive or environmentally or
socially undesirable.

Land treatment measures reduce erosion, reduce runoff, and lessen the
damaging movement of sediments to streams and flood plains. Vege-
tative and mechanical measures developed for conservation practices -

-contour farming, cover cropping, terracing, critical area planting,
and the like -- are also effective on urban lands undergoing
development.

Reservoirs for impounding uncontrolled flood waters provide a high
level of protection to downstream communities, while satisfying other
needs, such as water supply and public recreation.

Walls and dikes confine flood flows to the channel or floodway and
provide protection to local high-risk areas.

Reservoir management programs provide for the addition of flood
control storage in existing reservoirs, with controlled release after
the flood danger pabses.
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Hurricane barriers use walls, dikes, gates, and pumping facilities to
prevent high tides from Intruding and raising flood heights along the
lover main stem.

Stream improvements can increase the flood carrying capacity of
floodways by eliminating abrupt turns, widening and deepening
channels, improving areas at bridgeG and culverts, alleviating ero-
sion problems, and removing shoals, sandbars, islands, overhanging
and uprooted trees, and accuimulated debris. Diversion of flood flows
to bypass heavily congested flood-prone areas offer great protection
while minimizing environmental and social impacts.

Flood proofing or relocation render buildings and contents less
vulnerable to flood damage. They Include:

1. Permanent measures such as waterproofing, installation of
drain systems and pumps, anchoring and reinforcing walls and floors,
use of water resistent materials, raising the elevation cif struc-
tures, terminating entering utilities, protecting immovable
equipment, bricking windows, relocating entrances, and drawing up
plans for emergency protection measures.

2. Contingency measures such as manuall.y closed sewer val~ves
and removable bulkheads for windows, doors and vents.

3. Emergency measures such as sandbagging, pumpiag and -ernoval
of contents to high elevations.

4. Permanent evacuation of developed areas by removtng struc-
tures and relocating people, so that flood-prone lands could be
returned to natural habitat or used for agriculture, parks and
recreation. Temporary evacuation is also effective when used in
conjunction with a reliable flood warning system.

Those measures which should receive more detailed consideration for
inclusion in the plan were screened. Advanced level quantitative and
economic analysis was made of nonstructural (flood proofing, relo-
cation) as well as structural (dikes, diversions, floodwalls, channel
modification) measures. Also, consideration was given to future
action measures such as reservoir management, the construction of Big
River Reservoir, and land treatment measures. A reconnaissance
report, completed in December 1971, discussed preliminary screening
solutions that were considered to date.

Combinations of the alternative measures were evaluated and screened
next. Various plans, all providing comparable levels of flood
protection, were analyzed in addition to the no action plan.
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Significant beneficial sad adverse impacts of each plan were9evaluated In term of national economic development, environmental
quality, social well-being, and regional development. The best
alternative plan was selected.

The selected plan was formuilated for an appropriate scale of
development. It consists of a downstream local protection project,
in an area where homes are to be relocated, and an upstream multi-
purpose reservoir which involves flood control. Regulatory measures
are also part of the plan.

PLAN FORMULATION RATIONALE

In evaluating possible alternative solutions for the basin's flood
management needs, technical, economic, and social criteria, including
consideration of all beneficial and detrimental effects on the area's
environment, were used. Although it was not possible to evaluate all
possible alternatives to the same degree of technical detail,
supplemental planning criteria for all possible alternatives involved
acceptability, completeness, effectiveness, equity, irreversible
effects, and ease of maintenance and operation. Socio-economic data
used in evaluating costs and benefits were derived from Corps
investigations and other published data of State and Federal
agencies. Hydrologic and hydraulic data were obtained from Corps
studies. Environmental impact information was obtained from Corps
studies and water quality sampling by the Federal En-ircrmental
Protection Agency.

ECONOMIC CRITERIA

1. Tangible benefits must exceed project economic costs.
2. Intangible benefits, such as protection of lives and

property, may cause the scope of development to be
greater than would otherwise be required to provide
maxiimum nec tangible benefits.

3. The recommended plan must not physically diaplace or
economically preclude from development any more
economical means for accomplishing the same purpose.

TECHNICAL CRITERIA

Technical criteria adopted from engineering manuals, regulations and
other sources require that the plan be feasible to implement,
complete with no additional future improvements, and insure against
significant worsening of any flood conditions. Alternative measures



were forulated in accordance with regulations stipulating that the

s tandard project flood Is an appropriate level of protection for 
high

dikes and floodwalls in urban areas.

ENVIRONMENTAL AND SOCIAL CONSIDERATIONS

Requirements of the National Environmental Policy Act of 1969
Include:

1. Analysis of the environmental impact of any proposed
action.

2. Identification of adverse envirktamental effects which
could be avoided in project implementation.

3. Evaluation of alternatives to the proposed action.
4. Determination of the relationship between local

short-term uses of mans environment and the main-
tenance and enhancement of long-term productivity.

5. Accounting of any irreversible and irretrievable
commitments of natural resources and biological
systems which would be involved in the project.

Requirements of the Principles and Standards of the Water Resources
Council include:

1. Management, protection, enhancement, or creation
of areas of natural beauty and human enjoyment.

2. Management, preservation, or enhancement of
especially valuable or outstanding archeological,
historical, biological, and geological resources
and ecological systems.

3. Enhancement of quality aspects of water, land,
and air, while recognizing and planning for the
need to harmonize conservation of the resources
with the land use objectives of productivity
for economic use and development.

4. Development and use objectives which minimize or
preclude the possibility of undesirable and
irreversible changes in the natural environment.

Considerations mandated by Section 122 of the 1970 River and Harbor
Act Include:

1. Effects of air quality, noise levels, and water
pollution.

2. Destruction or disruption of manmade and natural
resources, aesthetic values, comminity cohesion,
and the availability of public facilities and
services.
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3. Adverse employment effects and tax and property
value losses.

4. Injurious displacement of people and businesses.
5. Disruption of desirable comunity and regional

growth.
6. Public acceptance of priposed improvements and their

ability and willingness to meet local cooperation
requirements.

Other social well-being factors include:

1. Possible loss of life and ha:'ards to the health

and safety of the people with and without project
conditions.

2. Preservation of pleasing aesthetic values and
other desirable environmental effects, such as
pleasing landscapes.

The Environmental Impact Statement included as a chapter of this main
report, provides greater in-depth coverages of these considerations.

PLANS OF OTHERS

Construction of the Big River Reservoir was proposed in 1952 for ,:he
Rhode Island Water Resources Board by a consultant. in 1957 a report
was made to the Water Resource-s Board by another ,:on ,ltant, which
reviewed additional data and made further recommendaLl-ons regarding
the Big River Reservoir. Metcalf and Eddy also prepared a report in
June 1967 updating these two previous reports to reflent the drought
conditions in the early 1960's. This project was therefore in a
planning stage long before January of 1978 when the Governor of Rhode
Island asked that the Corps of Engineers study this proposal. The
recommended plan assumes that the Big River Peservoir will be built
and maintained by Federal interests. Plans prior to this time
regarded the reservoir as a future action measure to be implemented
by non-Federal interests as a means of supplementing the flood
protection provided by other single action measures.

ANALYSIS OF PLANS CONSIDERED IN PRELIMINARY PLANNING

INITIAL SCREENING

All regulatory and corrective measures, as well as a No Action plan,
were evaluated with engineering judgment and brief study for
application in each of the 16 zones of the watershed. Each measure
was judged on its own nerits and those not considered adequate,
realistic, practica. engineering solutions, or measures socially or
environmentally unacceptable or economically unjustified, were

7



eliminated. Both the No Action programi and all regulatory measures
were determined to be applicable to all 16 damage zones, for
preventing or minimizing flood losses to future flood plain devel-
opment, and both programs were therefore reserved for further
evaluation.

Land treatment measures for Zone 2 were held for future evaluation in
conjunction with potential construction of the Big liver Reservoir,
in view of ongoing gravel operations within the area and the need for
soil erosion prevention measures during reservoir construction. In
other zones, significant erosion and sedimentation problems were
deemed nonexistent, not subject to corre-**ion by vegetative or slope
protection measures. Where substantial !,3r- of cover has been caused
by the introduction of an intricate interstate highway system,
existing unstable embankments will stabilize themselves, thus
resulting in less critical erosion. Assistance in land treatment
measures in certain zones is available, under existing authority,
through the Soil Conservation Service, U.S. Department of Agri-
culture.

Reservoirs at numerous sites within the study area vere investigated.
Most of the sites investigated were found to be too small to provide
economically justified protection or were not acceptable because of
engineering, social and environmental constraints.

Twelve reservoir sites were Investigated further. Seven were within
the Pocasset River watershed and one on a tributary of the
Meshanticut Brook. Four impoundments were on the North &'nd South
Branches, two involving modification of the existing Flat River and
Scituate Reservoirs. Of the twelve, only one potential project, the
Big River Reservoir, could provide substantial flood reduction
benefits. Plate III-1 shows site location of this potential
reservoir project.

Modification of Scituate Reservoir, which is presently used mainly
for water supply purposes (but also has a small hydropower unit), was
found to be economically unjustified. Although this reservoir has
played a substantial role in reducing flood stages and resultant
damage In the past, It is managed exclusively to optimize Its water
supply capabilities. Its flood control capabilities are, therefore,
contingent upon its being drawn down due to high water consumption
and low flow conditions. The need to meet future imposed demands
upon the water supply system will require that it continue to be
operated solely for water supply purposes. To utilize Scituate
Reservoir for flood control purposes would require raising the
existing structure an additional ten feet or providing a sub-
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impoundment within the reservoir. The costs of either project would
far exceed the benefits~to be derived by downstream communities in
flood damage reduction.

Walls and dikes are an effective means for providing flood protection
to high risk flood-prone areas where numerous structures susceptible
to high flood losses are located. Seven zones In the basin meet
these high risk conditions, and wall and dike measures were retained
for further evaluation in these zones.

Reservoir management program entail 7''wering the levels of existing
reservoirs to reduce peak flood discharges. With the exception of
Scituate and Flat River Reservoirs, further investigation of the
other, smaller reservoirs in the basin was deemed impractical because
of the small storage capacities involved.

Hurricane barriers to eliminate tidal flooding under adverse storm
conditions were considered at both the entrance to Pawtuxet Cove and
at the head of the cove where the river discharges. Excessive costs
and adverse social and environmental impacts eliminated these
projects from further Investigation.

The barrier at the river mouth would involve total reconstruction of
Pawtuxet Dam, huge pumping facilities, extensive river widening,
relocation of numerous industrial, commercial and residential
structures, and modification of six bridges and several. local roads.
These costs would far exceed benefits.

The other scheme, at the entrance to Pawtuxet Cove, would require
even more construction and relocation and larger pump installations
whose costs would far exceed benefits.

Stream Improvements to correct long-neglected channel conditions
which have resulted In alarming deterioration of the hydraulic
efficiency of some of the basin's major streams, were considered for
the following major elements:

Removal of dams, particularly those numerous small dams within the
basin originally intended for power generation and are now neglected
and obsolete, was considered as a means of lowering flood stages in
their vicinity. It was estimated, for example, that the flood stage
under Standard Project Flood conditions could be reduced by two feet
over several thousand feet of impoundment upstream of the Pontiac Dam
were that dam to be removed in accordance with local wishes.
However, related costs of the project would exceed accrued benefits,
and subsequent analysis was deemed unwarranted.

Removal of Pawtuxet Dam at the river mouth would result in
insignificant upstream flood stage reductions which would be negated

9



by the resulting counteraction of incoming high flood tides. Removal
of other, obsolete dams, while beneficial, would create erosion
problems downstream that would exceed the benefits gained.

Diversion of floodf lows to bypass heavy damage zones within the basin
or transfer floodwaters outside of the basin were both considered.
Numerous intrabasin schemes were evaluated but none appeared viable
and further evaluation was deemed unwarranted.

An interbasin transfer of floodf lows appeared viable for Zones 3 or
4, as diversion could be made upstream of main stem damage centers
and provide substantial flood relief to riood prone areas in three
comminities with minimal social and environmental disruption.
Furthermore, the diversion could be made to Apponaug Cove, a tidal
arm of Greenwich Bay, where the addition of riverine floodwaters
would not significantly increase tidewater levels at high tide
conditions. A relatively high head could be developed, thereby
reducing conveyance size and project costs. This interbasin transfer
was therefore reserved for further evaluation.

An alternate diversion at Zone 3 was rejected due to longer diversion
length and the necessity of a new control dam being constructed,
which would result in more controversial social and environmental
involvement.

Channel modification to improve streamf low by channel widening,
deepening or realignment was rejected in several tributary zones
because existing minimal damage would not be eliminated bY channel
modification. Channel modification in all other zones was found to
be economically or hydraulically impractical because of excessive
depths of flooding encountered or existing nearly flat stream
gradients. Further consideration was therefore considered
unwarranted, with the single exception of the need for channel
modification should a potential local protection project, such as a
wall or dike, encroach significantly on the existing cross-sectional
area of a stream.

Flood proofing and relocation was found to warrant further evaluation
in all zones except 1, 2, 3, 4A and 7A, where the flood problems were
determined to be minimal.

Eighty-four percent of the corrective measures proposed failed to
meet the minium acceptable plan requirements in the screening
process and were therefore eliminated. Twenty-three possible
solutions were deemed worthy of more detailed analysis. As previ-
ously noted, all regulatory measures and the No Action plan were also
retained for further analysis.

10



ADVANCED SCREENING

Those measures which passed the initial screening were further
analyzed to see if they could provide an adequate degree of
protection in major damage areas while meeting the established
criteria.

The first element of this evaluation process consisted of a
nonstructural program of regulatory and corrective flood proofing
measures, that were analyzed in depth in accordance with the desires
of local interests. Following that *a structural program was
evaluated, followed by consideration of future action measures.

CORRECTIVE NONSTRUCTURAL PROGRAM

Flood proofing entailed a major component of this program. It
involves techniques to make existing buildings and their contents
less vulnerable to flood damages. The following criteria were
applied to this program:

a. For initial analysis, unreinforced concrete walls were
considered capable of withstanding the hydrostatic pressures of a 3
foot head differential between water surfaces on either side of the
wall without collapsing.

b. Wood frame structures cannot be floodproofed above the sill.

c. Structurally sound buildings can be raised only three feet
because of esthetics.

d. Where depths of water for the design condition exceed the
heights of a and c above, relocation would be necessary.

e. Ring wall enclosures were only considered for the purpose of
tying a building's wall into high ground.

f. At the design flood conditions, all structures that could
potentially be inundated were raised and/or floodproofed if
necessary, even though only nuisance basement flooding would occur.

g. The drag line effect (the difference in water levels due to
passage of flows through soil) was not considered in this phase of
analysis. There are too many variables such as soil permeability,
drainage mets or patterns, condition of the concrete slab and wall,
the tightness of any joints or seams etc., to accurately predict the
true effects.

h. Uplift pressures were not considered.



To determine the viability of flood proofing in zones 3-8, costs were
developed for all structures for both 100-year and Standard Project
Floods. Results are shown by comuinity and use category in Table
111-1 and by category of use of structure in Table 111-2. For
protection against a Standard Project Flood, about 616 existing
structures -- 33 percent of those located in the SPF area -- would
require relocation. Eighty-three of these are commercial or
industrial establishments employing more than 5,700 people. For a
100-year flood, about 26 structures, of which 14 are commercial or
industrial employing about 2,500 people, would need to be relocated.

The cost figures indicate that flood proofing alone, without other
flood protection measures in combination, would not meet the benefit-
cost criterion and would be economically, socially, and
environmentally prohibitive.

12



TABLE III-I

FLOODPROOFING - NATURAL CONDITIONS
TOTAL COST AND AFFECTED OWNERSHIPS

(By Community & Category)

COMMUNITY/ STANDARD PROJECT
CATEGORY 100-YEAR FLOOD FLOOD

# $1,000 # $1,000

WARWICK

Commercial 21 15,000 44 104,600
Industrial 13 17,090 19 40,300
Residential 146 1,470 570 17,050
Public 2 70 2 1,290
Schools 0 0 0 0
Others 3 60 4 2,120

TOTAL WARWICK 185 $33,690 639 $165,360

CRANSTON

Commercial 11 1,130 27 8,300
Industrial 6 18,810 16 79,200

Residential 206 1,200 1,083 23,930
Public 2 40 8 1,710

Schools 1 50 2 1,180
Others 2 220 5 4,540

TOTAL CRANSTON 228 $21,450 1,141 $118,860

WEST WARWICK

Commercial 10 890 11 2,230
Industrial 4 370 5 1,100
Residential 41 980 53 3,040
Public 1 50 1 490
Schools 1 40 3 2,160
Others 1 10 3 850

TOTAL WEST WARWICK 58 $2,340 76 $9,870

TOTAL 471 $57,480 1,856 $294,090
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TABLE 111-2

NONSTRUCTURAL COSTS - NATURAL CONDITIONS
TOTAL COSTS AND AFFECTED OWNERSHIPS

(By Category)

1978 CONDITIONS AND PRICE LEVELS
ALL VALUES x $1000

CATEGORY 100-YEAR FLOOD STANDARD PROJECT FLOOD
I_ VALUE __VALUE

Commercial 42 17,020 82 115,130
Industrial 23 36,280 40 120,670
Residential 393 3,660 1,706 44,020
Public 5 150 11 3,490
Schools 2 80 5 3,350
Others 6 290 12 7,510

TOTAL 471 $57,480 1,856 $294,170

Amortized over a 50
year life
6-5/8 - .069078 $3,971 $20,321

Annual Benefits 380 760k

Approx. Benefits to
Relocated Structures 90 820

B/C Ratio .10 .04

*Excludes benefits to relocated structures, (equal to approximately
$88,000 and $820,000 for 100 year and SPF flood respectively), non-
physical losses, exterior losses, roads and utilities.
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In other zones, preliminary evaluation indicated that costs of
floodproofing alone would far exceed benefits.

Therefore, floodproofing as an independently used measure was
rejected as not satisfying benefit-cost criteria. It was, however,
retained for further consideration in combination with other
measures.

STRUCTURAL PROGRAM

Two types of structural flood managerent programs were considered to
protect heavily urbanized areas in the flood plain along the lower
end of the main stem.

Two systems of dikes, walls, and channel modification were evaluated,
one to protect against the Standard Project Flood, the other against
the lower level of the 100-year flood. These are designated
respectively as Alternate A and A-1.

Alternate A would require 12 individual local protection projects in
three comminities, at a total cost of $60 million in 1978 dollars.
Plate 111-2 shows this scheme. Analysis showed that the plan as a
total unit would not be economically justified, although local
projects at Warwick Avenue, Elmwood Avenue, and the Bulova Complex
warranted further investigation.

Alternate A-1 entailed the same projects but at a low;e: level of
flood protection. Once again, the total plan was not found to be
economically justified, but the local projects at Warwick Avenue,
Elmwood Avenue and the Bulova Complex were justified as a system.
Alternate A-1 would cost a total of $29.4 million. Plate 111-3
presents this project.

Both Alternate Plans A and A-1 were rejected, but economically
justified local projects were retained for further evaluation. Plate
111-4 depicts the Warwick Avenue Local Protection Works and 111-5
shows the Elwood Avenue area.

The Bulova local protection project was evaluated in greater economic
and engineering detail. Based upon the availability of more refined
engineering data, it was determined that two significant
modifications of the preliminary project considered in the advanced
screening would be required. Relocation of a portion of a warehouse
would be required as a measure to provide the necessary land area for

dike construction, or the use of concrete floodwalls would be
required for a portion of the previously considered dike protection
plan. The second modification would require major relocation of a
brook. Because of the additional costs for providing these essential
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modifications, the project lost its previous marginal justification
and was withdrawn from further consideration. The estimated cost for
this project based on the more detailed engineering and design
criteria is 1.92 million dollars in 1977 dollars, while the benefits
also would rise due to inflation (about 30 percent). Further Federal
involvement for the Bulova project is unwarranted.

Two alternate diversions of floodwaters were also evaluated.

Pontiac Diversion project considered four different alignments of an
underground tunnel and/or open chan ' to divert flood waters from
the main stem above Pontiac Dam to the head of Apponaug Cove.

Alignments A and B, each about 10,000 feet long, would require
extensive land taking and require relocation of at least 10 homes.
Both were eliminated from further consideration due to highly
detrimental environmental effects, adverse social impacts, and
substantial opposition by local interests.

Alignment C would pass through Gorton Pond, thus requiring a net
constructed length of only 6,600 feet of open channel. An adverse
environmental impact would be created by diverting the Class C waters
of the Pawtuxet River to the Class B waters of Gorton Pond, a local
recreational water body, thus eliminating this alignment from further
consideration.

Alignment D, an 8,000-foot tunnel through bedrock is considered the
most suitable. However, its cost -- including extensive channel
modification and a massive pumping station -- would be more than $70
million. This would far exceed benefits, so this alignment was also
rejected.

Natick Diversion, with its intake 10,000 feet further upstream just
below the Natick Dam, was the other alternative considered. It was
found to provide a high degree of protection to existing and future
downstream development at a lower cost and was eonomically justified.
Therefore, this diversion was reserved for further evaluation. These
plans are shown on Plates 111-6 and 111-7.

FUTURE ACTION

Three future action programs to be implemented by local interests
could strengthen the flood management program for the Pawtuxet River
basin: reservoir construction, reservoir management and land
treatment measures.

1. Construction by local interests of the proposed and
recommended Big River Reservoir as a potential water supply for
metropolitan Providence could provide significant downstream flood
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protection at minimum cost and environmental Impact by increasing the
height of the proposed dam by about 2.5 feet, thus giving additional
flood control storage equivalent to about six inches of runoff over a
drainage area of about 30 square miles.

2. Management of Scituate and Big River Reservoirs In
conjunction vith each other presents an opportunity to optimize the
operatilons of both reservoirs so that each reservoir could provide
floodwater storage capabilities without jeopardizing the principal
purpose of each reservoir, namely water supply.

3. Erosion control measures, if needed, should be instituted by
local interests during construction of the Big River Reservoir, in
coordination with programs of the Soil Conservation Service.

CONCLUSIONS

While nonstructural floodproofing was found to be economically
Infeasible as a single action program, it was retained for further
consideration as a supplement to the Natick Diversion and the Elmwood
Avenue and Warwick Avenue local protection projects, which were found
to warrant further consideration. Reservoir construction, reservoir
management and erosion control during reservoir construction were
retained as future action program.- The No Action and regulatory
measures programs were also retained for further evaluation as
supplements to specific corrective measures.
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ASSESSMENT & EVALUATION OF DETAILED PLANS

t PLAN A

PLAN DESCRIPTION

This alternative would consist of the Natick Diversion with a 30-foot
finished diameter concrete shell. It is the same alternative studied
during the Formulation of Preliminary Plans stage. At this finished
diameter it is capable of discharging Pawtuxet River floodflows at a
maximum of 12,000 to 14,400 CFS depe:r-ing upon tidal conditions into
the Apponaug Cove - Greenwich Bay area- The 12,000 cfs would be at a
maximum design tide occurrence whereas the 14,400 cfs flow would be
when conditions are of an extreme low tide. The intake and discharge
shafts would be located at the locations described previously.

IMPACT ASSESSMENT

This plan would provide a very high degree of flood protection to the
mainstem of the Pawtuxet River, a 77 percent reduction in total annual
losses including allowable projected growth. The areas remaining
subject to significant flooding with this alternative flooding are the
Warwick Industrial Park, the Ciba Geigy Atlantic Tubing Complex in
Cranston, and the Belmont-Norwood residential area in Warwick. These
areas, however, would realize substantial reductions in floodwater
depths. A summary matrix on page 47 illustrates the overall effect of
this plan on all the significant problem areas identified in the
Problem Identification Chapter.

There are potentially harmful effects of the diversion which may be
felt in the Greenwich Bay area. In most cases the affected medium
would be early life stages of shellfish and other marine biota due to
the reduced salinity caused by the fresh water intrusion. In addition,
the introduction of excess coliform bacteria within the bay would close
the shellfishing flats for a period of up to seven days under the
maximum storm discharge.

The remaining adverse impacts on environmental quality would occur
during construction. Air quality standards may also be compromised due

to excavation activity. Increased traffic could pose more significant
problems regarding safety and air quality standards.

Blasting would be required at the site. However, careful regulation of
the charges will be mandated so as to negate any possible damaging
effect to nearby homes. Also, there would be a large amount of rock
spoil as a result of the excavation activity. Social well-being would
be improved due to the increased sense of security gained as a result
of the lifetime protection afford by this plan.
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Construction of this project would produce new jobs and increase
spending in the area. Since commercial and industrial firms would be
afforded a high degree protection, expansion of these establishments
would also be possible.

EVALUATION AND TRADE-OFF ANALYSIS

This plan is effective in providing a high level of protection to the
area of concern by reducing future flood stages and thereby reducing
future losses. This plan satisfies the planning objectives but there

would still be some temporary adverse impacts to marine life in Apponaug
Cove and Greenwich Bay and some temporary effects to air and water
quality in the area.

This is not to say that the overall water quality of the river will not

improve. Measures have or will be taken to control other sources of
pollution which are not related to the diversionary tunnel. Included
would be point as well as nonroint sources of pollution.

There is considerable uncertainty associated with the affects on marine

biota as a result of the mixing of salt and fresh water. This is due to

the fact that this portion of the analysis was done using a mathematical
model to simulate the affects under the worst possible conditions.
These conditions being a complete mixing of the fresh water from the

river with the saline water in Apponaug Cove when no turbulence at the
outlet site existed (which would normally aid in dispersing the
discharge) and also that water quality of the Pawtuxet River would not
improve by the time the diversion would be operative.

Appraise System of Accounts

NED Objective - The project first cost of Plan A is $57,800,000, the

project benefits are $4,042,000 and the annual charges are $4,650,000.

There would also be an undetermined amount of capital lost due to a

reduction in shellfishing days in Greewich Bay.

EQ Objective - During construction air and noise pollution will in-

crease and disposal of rock spoil may also have some adverse environ-
mental effects. Although the resultant structures will be aestheti-
cally pleasing they will depart from the natural state of the river.
During and immediately after a storm discharge there will be an Increase

in the coliform counts in Apponaug Cove and Greenwich Bay, as well as a
reduction in the salinity concentrations which may cause mortality to

some species.

SWB Objective - There will be an increased sense of security among area

residents as a result of the decreased flood threat. However, there
could be a decline in public confidence due to the presence of the
tunnel beneath homes. The homes overlying the tunnel will have a
permanent easement placed upon their deed. This may result in a less
salable property. An undetermined number of days of shellfishing will

be lost after a storm discharge and during construction there will be

inceased traffic at the contruction site.
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RD Objective - Employment opportunities for skilled and unskilled
workers will increase during construction. After completion of the
tunnel there will be an increase in the availability of new land for
development.

Specific Evaluation Criteria

Acceptability - The general acceptability for this project is very low
due to the possible environmental effects and the ever-present stigma
of the tunnel beneath a residential area.

Completeness - All necessary actions t:or successful completion of this

alternative have been included.

Effectiveness and Efficiency - The plan satisfies the planning objec-
tives, however, pollution standards may be compromised.

Certainty - Low

Geographic Scope - Water is transferred out of the Pawtuxet Basin to
the Narragansett Bay local drainage area.

NED Benefit-To-Cost Ratio - 0.87

Reversibility - No

Stability - Low

MITIGATION REQUIREM4ENTS

As mentioned previously, an undetermined amount of shellfishing days
could be lost due to impacts on Greenwich Bay. On the average, it
would amount to seven days per year. Therefore, shellfishermen would
have to be reimbursed to cover capital lost from not being able to
fish.

Additional traffic control would be required in the construction area
in addition to restriction on pollution emissions. Blasting would be
controlled to minimize any adverse social affects.

IMPLEMENTATION RESPONSIBILITIES

Cost Allocation

All costs of this project are allocated to flood control. The cost is
shown below.

Project Cost $ 5 7,79 8,000
Annual Charges $ 4,650,000

3



Cost Apportionment

Table IV-2 summarizes distribution of costs between Federal and non-
Federal interests.

Federal Responsibilities

As the flood control benefits to be derived by the Natick Diversion
would accrue to three municipalities, namely, the town of West Warick
and the cities of Cranston and Warwick, the project would be regional
in character. in this regard, all costs associated with construction,
operation and maintenance of the Diversicr, project under existing
legislated authority would be Federally funded. It would also be
operated and maintained by the Federal Government.

Non-Federal Responsibilities

As previously covered, the Natick Diversion would be a total Federal
responsibility under the existing legislated mandates. However,
several prerequisites would be required of the local interests to
prevent further encroachment on the flood plain that could reduce the
effectiveness of the diversion project. These include:

a. Enforcement in all downstream reaches of the 100-year flood
plain and the other basic requirements of the National Flood
Insurance Program.

b. Publicizing flood plain information in the area concerned and
providing this information to zoning, banking and other groups for
their guidance and leadership in preventing unwise future development
in the flood plains, and in adapting such regulations as may be
necessary to insure compatibility between future development and
protection levels provided by the project.

c. At least annually, informing affected interests regarding the
limitation of the protection afforded by the project.

Local interests would be responsible for implementing the necessary
flood plain regulations required by the National Flood Insurance
Program, so that all interested parties would be eligible to purchase
insurance under the program. Local communities would also be en-
couraged to implement additional land use controls, such as evalua-
tion and institution of so'hdivision regulations, building codes, land
easements and related measures. In this regard, these controls would
insure against further encroachment of the flood plains as well as
guide their development arnd redevelopment so as to lessen future
flood losses.
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PUBLIC VIEWS

Heavy opposition was directed toward this project by both private
citizens as veil as municipal and other Federal agencies. Their
objecLions are capsuled below.

Views of Federal Agencies

Coumments from Federal agencies regarding the diversion tunnel were
directed mainly at environmental concerns and an alledgedly weak
environmental impact statement. Specifically, impacts an Apponaug
Cove and Greenwich Bay causing mortality in early life stages of
shellfish and other marine biota were cited by the Environmental
Protection Agency, the Department of Health Education and Welfare,
the U.S. Department of Commerce, and the Fish and Wildlife Service.
These effects, such as the mixing of fresh and saline water in
addition to increased coliform counts due to the fresh water
diversion, could cause a halt to the shellfishing activities for
several days according to these agencies.

Views of Non-Federal Agencies and Others

In addition to the Environmental questions raised, area residents
questioned the stability of the tunnel during seismic activity. Some
citizens objected to living above the diversion while it afforded
them no protection at all. There was an overall scepticism about the
Natick Diversion in regards to its effectivness and necessity. Out
of basin individuals and city and State agencies preferred a system
of walls and dikes in conjunction with a sound land use program in
lieu of the diversionary tunnel. A summary of the four public
meetings held in 1969, 1975, 1976 and 1977 will be found in Appendix
3. Also, included is correspondence relating to each meeting in
addition to comments on the draft environmental impact statement
released in 1976.
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Plan B

PLAN DESCRIPTION

The structural elements of this alternative would consist of the Natick
Diversion with a 30-foot diameter tunel and the Warwick Avenue and
Elmwood Avenue local protection projects. From the various local
protection measures evaluated as single action measures, plans evolved
that would provide local protection measures for extreme northeastern
Warwick extending from the lower limits of Zone 6 and including all
damaged porticns of Zones 7 and 8. A se les of dikes, floodwalls and
other structures would provide full protection, to the SPF event as
modified by Natick Diversion, to the residential-commercial area in the
vicinity of Elmwood Avenue (U.S. 1) and to the Warwick Industrial Park
and the adjacent residential-commercial area in the vicinity of Warwick
Avenue.

IMPACT ASSESSEMENT

Provision of the 30-foot diameter Natick Diversion and the Elmwood
Avenue-Warwick Avenue protective measures would reduce average annual
existing losses in the lower basin to approximately $235,000. With the
30-foot diameter diversion tunnel and the Warwick protective measures,
most of the residual losses would occur within the Cranston portions of
Zones 4B, 6, 7, and 8. The remaining losses in Warwick Zones 4, 5, and
6 and the West Warwick portion of Zone 4 would be mini.nal. following re-
ductions by the Natick Diversion. Summary matrix located on page 47
depicts the effectiveness of this plan.

The area that would receive protection from the Elmwood Avenue local
protection project inclosure consists mainly of one family residential
structures with about 10 small to moderately sized commercial firms that
would begin to be inundated in the range of 2 to 4 percent frequency
storm event. Because of increasing urbanization in upstream areas, the
frequency of flooding has increased to a point where several times a year
some overbank-road flooding and measurable cellar flooding occurs. Most
of the homes in the area have installed sump pumps and some have elimi-
nated the usage of the cellar for any significant purpose. In many
instances the pumps are not of sufficient size to handle the inflow of

water. Recently, about every five years significant basement-road
flooding occurs, and at about a 10 to 15 year recurrence interval first
floor flooding occurs in about 7 homes.

Because of the projected increase in river stages due to uncontrolled
increasing nonflood plain urbanization upstream, more frequent flooding
can be expected with a subsequent increase in damages to both a specific
flood event and to annual losses.
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Impacts attributed to the tunnel given in alternative "A" will apply to
* alternative "B" as well. Additional increases in jobs and the work
* force will be realized by construction of the two local protection proj-

ects. Also, more land will be available for developing resulting from
the protection afforded by the wall and dike systems.

Elmwood local protection project. would involve relocating 7 homes. This
is necessary because of the land requirements of the dike. The resultant
dike structure can be made aesthetically pleasing althou'gh it would
depart from the natural topography of the surrounding lan'ds.

EVALUATION AND TRADE-OFF ANALYSIS

As this alternative involves the Natick Diversion its response to the
evaluation criteria is the same as that stated for alternative A. The
plan is effective in providing a high level of protection to those areas
given in alternative A in addition to the residential - commercial
sections protected by the dikes mentioned previously. Implementation of
alternative B would reduce the number of ownerships affected by the
100-year flood level from 471 to 148.

A component of this alternative would be the future action elements
consisting of flood control storage at Big River Reservoir and the
regulation/management of SeLtuate Reservoir, although not an integral
portion of this plan.

Appraise System Of Accounts

NED Objective - The project first cost of Plan B is $69,380,OGO. the
project benefits are $5,000,000 and the annual charges are $5,552,0.n
An undetermined amount of capital would be lost due to a reduction in
shelifishing days in Greenwich Bay and approximately seven homes would
be purchased at the Elmwood site.

EQ Objective - Same as Plan A. During construction air and noise
pollution will increase and disposal of rock spoil may also have some
adverse effects. Although the resultant structures will be aestheti-
cally pleasing, they will depart from the natural state of the river.
During and immediately after a storm discharge there will be an increase
in the coliform counts and a reduction in salinity in Greenwich Bay.

SUB ObJectives - Same as Plan A plus the relocation of seven homes.
There will be an increased sense of security among area residents as a
result of the decreased flood threat. However, there could be a decline
in public confidence due to the presence of the tunnel beneath homes and
the additional problem of an easement on the titles of affected
properties. An undetermined number of days of shellfishing will be lost
after a storm discharge and during construction there will be increased
traffic at the construction site.
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RD Objective - Same as Plan A. Employment opportunities for skilled and

unskilled workers will increase during construction. After completion of

the tunnel there will be an increase in the availability of new land for

development.

Specific Evaluation Criteria

Acceptability - Same as Plan A. The acceptability fo this project is
very low due to the possible environmental effects and the ever-presnnt

stigma of the tunnel beneath a residential area. These are covered in
more detail in the public views section and the public involvement

appendix.

Completeness - All necessary actions for successful completion of this

alternative has been included.

Effectiveness and Efficiency - Same as Plan A except this plan is the
most costly.

Certainty - Low

Geographic Scope - Water is transferred at the Pawtuxet Basin to the

Narrangansett Bay local drainage area.

NED Benefit-to-Cost Ratio - 0.90

Reversibility - No

Stability - Low

MITIGATION REQUIREMENTS

Those pertaining to the Natick Diversion are the same as Plan A. Some

storage will be lost due to construction of the local protection
projects but increases in downstream flood stages will be minimal. In
either case, any additional increase in flood stage will be mitigated by

the additional flood control storage provided at the proposed Big River

Reservoir.

IMPLEMENTATION RESPONSIBILITIES

Cost Allocation

All costs of this project are allocated to flood control.

Project Cost $69,381,000
Annual Charges $ 5,552,000

Cost Apportionment

Table IV-2 summarizes the distribution of costs between Federal and non-

Federal interests.
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Federal Responsibilir tes

As the flood control benefits to be derived by the Natick Diversion
would accrue to three muui cipaiities, namely, the town of West Warwick
and the cities of Cranston and Warwick, the project would be regional in
character and wholly Federal under existing legislated authorities. In
this regard, all costs associated with construction, operation and
maintenance of the diversion project would be Federally funded. The
diversion project would be operated and maintained by the Federal
Government.

The benefits accruing to the Warwicz. Local Protection would be local in
nature and would entail the usual conditions of local cooperation as
stated in the following paragraphs of non-Federal responsibilities. The
local protection project would be constructed by the Federal Government
and upon its completion would be turned over to the city of Warwick for
operation and maintenance. Federal cost involvement beyond this stage
would be limited to Federal personnel costs associated with periodic
inspection of the project.

While participation in the National Flood Insurance Program would be a
local responsbility, there would be attendant responsibilities, those of
providing guidance and technical assistance to the local communities.
Part of this guidance would include encouragement that all basin com-
munities consider additional land use controls as needed to minimize
future adverse runoff effects as the basin becomes more urbanized.

Non-Federal Responsibilities

As previously covered, the Natick Diversion would be a total Federal
responsibility. However, several prerequisites would be required of the
local interests to prevent further encroachment on the flood plain that
could reduce the effectiveness of the diversion project:

a. Enforcement in all downstream reaches of the 100-year flood
plain and the other basic requirements of the National Flood Insurance
Program.

b. Publicizing flood plain information in the area concerned and
providing this information to zoning, banking and other groups for their
guidance and leadership in preventing unwise future development in the
flood plains, and in adapting such regulations as may be necessary to
insure compatibility between future development and protection levels
provided by the project.

c. At least annually, informing affected interests regarding the
limitation of the protection afforded by the project.
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As the benefits accruing tn tnhe Warwick Avenue Local Protection and the
Elmwood Avenue Local Protection Projects would occur principally within
Warwick, the project would entail the conditions of local cooperation in
accordance with Section 3 of the F!.,od Control Act of 1936, as amended,
and in conformance with the policy expressed in EM 1120-2-101. Local
interests would be required to give assurances satisfactory to the
Secretary of the Army that they would:

a. Provide without cost to the United States, all lands, ease-
ments, and rights-of-way necessary f,: construction of the project;

b. Hold and keep the United States ree from damages due to the
construction works;

c. Maintain and operate all the works after completion in accord-
ance with regulations prescribed by the Secretary of the Army;

d. Provide, without cost to the United States, all alterations and
replacements of existing utilities including bridges, highways, seweLs
and railroad modifications and relocations other than railroad bridges
and their approaches which may be required for the construction of the
project;

e. Prescribe and enforce regulations to prevent encroachment on
both the improved and unimproved channel;

f. Prohibit encroachment on project ponding areas and, if the

capacity of these areas is impaired, promptly provide substitute ponding
capacity or equivalent pumping capacity without cost to t- United
States; and

g. Comply with the requirement specified in Section 210 and 305 of
Public Law 91-646, 91st Congress, approved 2 January 1971, entitled,
"Uniform Relocation Assistance and Real Property Policies Act of 1970."

Local interests would be responsible for implementing the necessary
flood plain regulations required by the National Flood Insurance
Program, so that all interested parties would be eligible to purchase
insurance under the program. Local communities would also be encouraged
to implement additional land use controls, such as evaluation and insti-
tution of subdivision regulations, building codes, land easements and
related measures. In this regard, this would insure against further
encroachment of the floc.' plains as well as guide their development and
redevelopment so as to 1'ssen future flood losses.
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PUBLIC VIEWS

Views of Federal Agencies

Those comments associated wiith the Natick Diversion with respect to the
environment are the same as those for alternative "A!' which proposed the
tunnel as a single action measure.

Views of Non-Federal Agencies and Others

Local interests once again opposed1 this plan because of the inclusi.)n of
the Natick Diversion. In addition, all subsequent alternatives that
included the diversion were objectea to mostly on an environmental
impact basis.

While the two local protection projects were supported, cost became the
main concern of the city of Warwick. Since the Natick Diversion was
regional in scope, it would be funded totally by the Federal Government.
This is not the case for a local protection measure. The city would
have to finance any land acquisition and the operation and maintenance
of the project. This philosophy was objected to by Warwick city
officials. They feel that the problems in these areas should be
considered regional in nature since dev!elopment in upstream areas has
contributed to increases flood stages at downstream locations.



PLAN C

PLAN DESCRIPTION

This alternative would consist of Natick Diversion with a 21-foot

diameter tunnel and the Warwick Avonue-Elmwood Avenue local pro-

tection projects. The series of dikes, floodwalls and other
structures are basic,.llv the same as the previous alternative.
However, the walls and dikes are several feet higher than those
considered in Alternative B as the div-rsion cannot divert as much
floodwater into Apponaug Tove. Both -al protection projects were
justified as single action measures in le intermediate level of
detail and combined with the single purpose Natick Diversion with a
21-foot diameter discharge tunnel.

Provision of this alternative would reduce average annual losses in
the lower basin to approximately $520,000.

A component of this alte-:.ative would be the future action elements
consisting of flood control storage at Big River Reservoir and the
regulation/management of Scituate Reservoir, although not integral
portions of this alternative.

IMPACT ASSESSMENT

Same as Plan B.

EVALUATION AND TRADE-OFF ANALYSIS

The plan provides an SPF level of protection to t!e Warwick Indus-
trial Park and also the lower limits of Zone 6 and Zones 7 and 8 in
Warwick. The 21-foot diameter tunnel reduces flood stages as
effectively as the 30-foot diameter tunnel up to the 100 year
flood. At a 500 year event or 0.2 per cent chance of occurrance
flood, reductions in stage are significantly higher using a 30-foot
diameter diversion tunnel for zones 4, 5 and 6.

This plan is extremely effective in providing a high level of
protection to the areas of concern. While the planning objectives
would be satisfied, there would be some temporary adverse impacts to
marine life and air and water quality.

Appraise System of Accounts

NED Objective - The project first cost of Plan C is $52,890,000,
the project benefits are $4,363,000 and the annual charges are
$4,260,000. As with Plans A and B, there will be an undetermined
amount of lost capital due to a reduction in shellfishing. Also, as
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in Plan B the purchaw ol approximately seven homes will be

necessary at the Elmwood Site.

EQ Objective - Same as Plan A.

SWB Objective - Same as Plan A lus the relocation of seven homes.

RD qbective - Same as Plan A.

Specific Evaluation Criteria

Acceptability - As this plan involves Lhe Natick Diversion, its

acceptability is low.

Completeness - All necessary actions for successful completion of
this alternative have been included.

Effectiveness & Efficiency - Same as Plan A.

Certainty - Low.

Geographic Scope - Water is transferred out of the Pawtuxet Basin to
local drainage area.

NED Benefit-to-Cost Ratio - 1.03

Reversibility - No.

Stability - Low.

MITIGATION REQUIREMENTS

Same as Plan B.

IMPLEMENTATION RESPONSIBILITIES

Cost Allocation

All costs of this project are allocated to flood control. They are

shown below.

Project Cost $52,885,000
Annual Charges $ 4,260,000

Cost Apportionment

Table IV-2 summarizes the distribution of costs between Federal and

non-Federal interests.
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Federal Responsibilities

Same as Plan B.

Non-Federal Responsibilities

Same as Plan B.

PUBLIC VIEWS

Same as Plan B.
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t PLAN D
PLAN DESCRIPTION

This alternative would consist of the same two local protection
projects discussed previously -the Warwick Avenue Local Protection
and the Elmwood Avenue Local Protection Projects acting alone.

The protective measures evaluated for the combined Elmwood Avenue-
Warwick Avenue area would protect HLe same area of Warwick (Zones ~
8 and part of Zone 6) as given in F_.a B.

During the reevaluation of all alternatives after the October 1976
public meeting, and the local support that Plan D gathered, more
detailed hydrologic data and subsurface exploration information made
Plan D significantly different in heights and costs than originally
reported. Some portions of the Elmnwood Avenue project Increased in
height by 5 feet. This resulted in a significantly different method
necessary to control the interior drainage/runoff. The net affect
was a doubling of costs for the Elmwood Avenue portion as well as the
taking of several additional homes due to increased dike width. The
benefit-to-cost ratio for the Elmwood Avenue segment based upon the
most recent damage survey following the January 1979 flood st:ill was
below 0.5.

IMPACT ASSESSMENT

The Warwick local protection project would provide a total annual
benefit of about $1,450,000. While the local protection project for
comparative purposes would protect 150 ownerships that are subject to
flooding at the 100-year flood level, it is standard practice to
design Corps local. protection project in urban areas to the SPF level
to avoid the false sense of security that could result from lower
levels of protection. The Warwick local protection project would
protect 450 ownerships: 9 industrial, 21 commercial and 420
residential.

For comparative purposes only, at the occurence of a 100-year flood
event, river stages would be 3 to 6 feet higher than those
experienced in the March 1968 flood, and 7 to 15 feet higher than
normal river stages. Under 5FF conditions, river stages would be 11
to 15 feet higher than those experienced in the March 1968 flood, and
13 to 20 feet higher than normal river stages.

As mentioned under Plan B, social well-being would be expected to
increase due to the increased security afforded area residents by the
wall and dike systems. Regional development could be expected as a
result of additional new land for development which was formerly

15



subject to flooding. Existing f irms could now expand with a high

assurance that their investment will not be eliminated due 
to a

flood.

Construction of the project would bring nev jobs thus increasing the
work force in the area. This, in turn, could result in increased
spending throughout the region. Construction activities could result
in a higher volume of traffic in the area in addition to creating
additional noise and air pollution.

As stated under Plan B, the resultant dike structures depart from the
natural state of riverbank but could be constructed and maintained to
reflect an aesthetically pleasing manner.

EVALUATION AND TRADE-OFF ANALYSIS

This plan, effectively and efficiently, provides an SPF level of
protection to the previously mentioned areas. With n'o resultant
water pollution as was the case in all plans involving the Natick

Diversion, the possible environmental impacts on Apponaug Cove and
Greenwich Bay are eliminated. As a result, this plan became more
acceptable to both the public and municipal and State agencies.

Appraise System of Accounts

NED Objective - The project first cost of Plan D is $15,050,000, the
benefits are $1,450,000 and the annual charges are $1,160,000. The
purchase of approximately seven homes would be required at the
Elmood site.

EQ Objective - Noise pollution will increase during construction.
The walls and dikes of the local protection projects will detract
from the natural riverine state.

SWB Objective - There will be an increased sense of security among
area residents as a result of the decreased flood threat. However
there will be increased traffic near the construction site.

RD Objective - During construction, employment opportunities for

skilled and unskilled workers will increase.

Specific Evaluation Criteria

Acceptability - As this plan does not include the Natick Diversion,
it was acceptable to both State agencies and affected individuals.
The contribution to the project cost by the city of Warwick was
opposed.
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Completeness - All necessary actions for successful completion of
this alternative have been included.

Effectiveness & Efficiency - Yes.

Certainty - High.

Geographic Scope - The local protection project lie entirely within
the Pawtuxet Basin.

NED Benefit-to-Cost Ratio - 1.25.

Reversibility - No.

Stability - High.

MITIGATION REQUIREMENTS

There will be some increase in flood stages immediately upstream from
the protection projects due to construction of the dike and wall
system on one side of the river, at a SPF occurrence the increase
will generally be less than one foot. If Big River Reservoir is to
be built, and flood control storage included, this increase due to
the wall and dike system would be offset by the reservoir.

IMPLEMENTATION RESPONSIBILITIES

Cost Allocatlon

All costs of this project are allocated to flood control. The costs

are shown below.

Project Cost $15,050,000

Annual Charges $ 1,160,000

Cost Apportionment

Table IV-2 summarizes the distribution of costs between Federal and
non-Federal inierests.

Federal Responsibilities

The benefits accuring to the Warwick Avenue Local Protection and the
Elmwood Avenue Local Protection Projects would be local in nature and
would entail the usual conditions of local cooperation as listed in
the following paragraphs of non-Federal responsibilities. The local
protection projects would be constructed by the Federal government
and upon Its completion would be turned over to the city of Warwick
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f or operation and maintenance. Federal cost involvement beyond this
stage would be limited to Federal personnel costs associated with
periodic inspection of the project.

While participation in the National Flood Insurance Program would be
a local responsibility, there would be attendant responsibilities,
those of providing guidance and technical assistance to the local
coamnities. Fart of this guidance would include encouragement that
all basin communities consider additional land use controls as needed
to minimize future adverse runoff effects as the basin becomes more
urbanized.

Non-Federal Responsibilities

Several prerequisities as listed in Plan B would be required of the
local interests to prevent further encroachment on the flood plain
that could reduce the effectiveness of the diversion project.

Local interests would be responsible for implementing the necessary
flood plain regulations required by the National Flood Insurance
Program, so that all interested parties would be eligible to purchase
insurance under the program. Local coimmunities would also be
encouraged to implement additional land use controls, such as evalu-
ation and institution of subdivision regulations, building codes,
land easements and related measures. In this regard, this would
insure against further encroachment of the flood plains as well as
guide their development and redevelopment so as to lessen future
flood losses.

PUBLIC VIEWS

As Alternative "D" eliminated the Natick Diversion, which was
strongly opposed, it was supported by both State agencies and
affected individuals. While this alternative was supported on the
basis of the flood protection it provides, the contribution to the
cost that the city of Warwick would have to make was opposed. This
project Is local in nature thereby requiring the city to pay for land
acquisition in addition to operation and maintenance. The city of
Warwick disagreed with this philosophy in that the flooding problems
are a result of upstream development and, therefore, should be
considered regional in scope. It would require a bond issue or a
budgetary line item on the part of the city which in all probability

would not pass.
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Plan E

PLAN~ DESCRIPTION

This alternative consists of the provision for flood control storage at
the proposed Big River Water Supply Reservoir equivalent to 6 inches of
runoff. This alternative was considered a future action measure to be
implemented by non-Fedeal interests prior to the initiation of the Big
River feasibility report in October 1977. The plan would also consist of
a management/regulation of both Scituate and Big River Reservoir to help
reduce flood stages by allowing some flood water storage at Scituate.
All costs shown in this document and Sup! -ting appendices for Big River
Reservoir are based on cost updates from a : onsultant report. For
detailed costs on the Big River project, the reader is advised to review
the Big River Feasibility Report.

IM4PACT ASSESSMENT

Benefits for the flood control increment at Big River are realized in
all downstream zones from the confluence of Big River and the South
branch down to and including Zone 8. The total annual. benefits for all
zones combined amounts to over $550,000 excluding any growth.

The project is not justified as a single purpose flood control dam but
when considered as a component of the major water supply purpose is
justified for flood control when cost-allocated. This section addresses
only those impacts associated with the flood control element of the
reservoir. Other impacts attributed to water supply are treatpd in the
report on the feasibility of the Big River Reservoir.

The addition of flood control storage at the proposed Big River Reser-
voir would create some additional minor negative impacts. When these
impacts are weighed against those created by the initial water supply
impoundments, they are negligible. The significant adverse impacts are
as follows: Should the flood control increment ever be filled to capac-
ity, an additional surface area of 120 acres would be inundated.' This
is equal to about .2 square miles. The surface area of the filled water
supply pool is estimated at 3,250 acres or 5.1 square miles. The flood
control element is designed to hold six inches of runoff from the
upstream watershed, which is equal to the excess runoff from events
larger than a hundred year storm. This is equal to an increased dam
height of about 3 feet. Although this would create an increased pool,
the State of Rhode Island currently owns over 8,500 acres In the
proposed impoundment and uIts surrounding area. No additional land
takings due to the flood control element would be necessary.

The change in groundwater levels due to the additional heights of flood
water in the pool are negligible. At the current design levels, there
is less than a three foot difference between the water supply and flood
control storage levels. As the flood control waters are only temporar-
ily stored, for a maximum of several days, the additional increase in
groundwater would be difficult to measure even with extremely porous soils.
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Clearing or additional cutting of vegetation due to the flood control
increment should not be necessary. The effect on fish and wildlife at
the impoundment would be negligible due to the relatively minor
additional height of the dam. The effect on cultural resources at the
reservoirs is not known at this time but is being investigated for the
Big River feasibility report. No road relocation would be required
because of the additional height of the flood control pool. At the
proposed elevations 1-95 would be in the extreme top of the surcharge
range. At extremely rare flood events when the water supply pool is
filled to capacity some water could appear on the highway surface due
to either wave or wind action or as condensate.

The actual construction of the control dam, an earthen dike with a ripp-
rapped face, would require additional materials, about 80,000 cubic
yards; approximately 38,000 yards of random fill, 30,000 yards pervious
and the remainder impervious. Additional borrow pits should not be
necessary for this relatively minor increased volume. The movement of
the materials and its placement would result in either additional track
traffic at the site or more likely increased construction time, causing
air quality degradation and noise. Some additional erosion problems
during construction could result due to the increased material usage but
safeguard measures would be employed at the construction site to minimize
the downstream effects.

Negative effects downstream are even less than at the impoundment area.
As floodflows would be regulated only during peak flow periods, gene-
rally several times per year, no change in the river's ecosystem is
expected to occur. There should be no effect on downstrem fish and
wildlife due to flood control at Big River. There, likewise, would be
no loss of wetlands due to the incremental impoundment.

Beneficial impacts from the flood control increment are substantial.
Damages to existing structures are significantly reduced for all down-
stream areas. Average annual damages for zones 4 through 8 are reduced
as follows for the existing structures; 42, 43, 48, 36, and 29 percent,
respectively or an overall reduction of 36 percent. Because of the very
high rate of urbanization being experienced in the basin, a trend that
is expected to continue in the future, increased runoff from the basin
would result in higher flood stages than presently expected to occur.
The construction of Big River flood control element would negate all of
the projected increases in flood stages and still provide for a slight
reduction over today's levels.

Present zoning requirements have almost eliminated development within
the one hundred year flood plain. However, new growth is allowed at or
above this level even though it could be damaged by a major flood. Big
River Reservoir would provide additional safeguards to new as yet unbuilt
residences, commercial and industrial firms.
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Overall water quality in the 1o,,_r Fawtuxet River can be expected to
improve during periods of high flow as the reduced flood stages would
cause less chance of inundation at the three community sewage treatment
plants. Also less inundation of low lying homes and subsequent septic
tanks, leaching fields or cesspools would result in less coliforms
entering the river.

The effect on downstream transportation roads systems would be positive
as they too would be subject to less chance of inundation. Effects on
social stability of the community would be slightly improved as there
would be less chance of flooding, an extremely descriptive social aspect.

The overall economy of the area would be improved. The additional
length of construction time or the use of more equipment would mean
increased utilization of the local construction industry with subsequent
hiring of more local workers. Secondary benefits of the so called
multiplier effect would also be evident as the workers have more money
to spend local merchants would gain profits and potentially have
additional workers. In addition, the flood-prone industrial and
commercial firms would be able to operate for longer periods of time
without fear of flooding, subsequent clean up costs, and loss of profit.
Also the prevention of plant shut-down due to flooding will allow
workers to earn their normal wages.

Hydrologic studies performed by the Corps for the Pawtuxet River water-
shed studies indicate the existing operation at Scituate Reservoir
provides a significant modifying effect on flood dischariges along the
downstream length of river. If the crest elevation were -roperly main-
tained in the late winter and early spring months, additional snowmelt
runoff storage could be provided. This would result in added flood
control benefits along all downstream zones. In order for this to be
successful, it is important that watershed runoff not be wasted. This
means that the water content of the snowmelt must be high enough to
assure sufficient water supply so that the provision for flood control
can be made. Therefore, consideration should be given to maintaining
the reservoir at a level not to exceed a predetermined rule curve where
the rule curve would be based on the existing water content. If the
Providence Water Supply Board accepts this concept, the Corps could
provide assistance in establishing a representative snow course. The
additional flood control storage would produce no negative impacts.

EVALUATION AND TRADE-OFF ANALYSIS

By addition of flood control storage equivalent to 6 inches of runoff
from the upstream drainage area, stage reduction would be evident for all
downstream reaches along the South Branch and the mainstem Pawtuxet.
While the stage reduction is less than 2 feet for the entire range of
flooding events, it would have a significant effect on reducing damages.
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There are contingencies that must be implemented before a true determin-
ation of the value of Big River can be made. The main contingency is
the contruction of a water supply detention area in the nearby Pawcatuck
Watershed. When and if completed the water would be pumped from this
area into Big River for ultimate storage.

Acceptability of the project is high. This is due to both its ability
to provide flood control storage and to supplement the regions water
supply. No natural valley storage is lost due to dike construction and
additional pollution is negated by elimating a diversionary tunnel.

Appraise System Of Accounts

NED Objective - The project first cost of Plan E is $3,930,000, the
project benefits are $725,000 and the annual charges are $450,000. This
plan will provide an overall reduction in damages of approximately 36%.

EQ Oblective - An additional 0.2 square mile will be inundated at the
Big River reservoir site. There will be an overall improvement in water
quality but air and noise pollution will be present during construction
activities.

SWB ObJective - There will be an increased sense of security among area
residents as a result of the decreased flood threat. During construc-
tion there will be increase in traffic near the site.

RD Objective - During construction, employment opportunities will
increase and consequently local spending will increase.

Specific Evaluation Criteria

Acceptability - As Big River Reservoir would benefit the entire state it
was generally acceptable to everyone.

Completeness - All necessary actions for successful completion of this
alternative have been included.

Effectiveness and Efficiency - Yes

Certainty - Medium

Geographic Scope - This plan lies entirely within the Pawtuxet River
Basin.

NED Benefit-to-Cost Ratio - 1.60

Reversibility - No

Stability - High
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MITIGATION REQUIREMENTS

I MLKENTATION RESPONSIBILITIES

Colt Allocation

The objective of cost allocation is to apportion the project costs among
the purposes served so that all purposes share equitably in the savings
realized from multi-purpose construction. In order to obtain equit-able
distribution, the costs are distributed so that the allocated share of
the cost to any purpose will carry aet least its separable cost.

The costs of this project are allocated between flood control and water
supply. They are shown on the following table.

LEGISLATED AUTHORITY

Flood Control Water Supply

Federal Contribution $3,930,000 0

Non-Federal Contribution 0 $67,760,000

PROPOSED COST SHARING REQUIREMENTS

Federal Contribution $2,947,500 0
Non-Federal Contribution 982,500 67,760,000

Total Project Cost = $71,690,000

These costs are based on updates of a consultants report. For actual
costs of the Big River Reservoir project as currently envisioned,
consult the separate feasiblity report.

Cost Apportionment

The non-Federal contribution to flood control is based on legislated
policy. Also shown are the costs for the proposed cost sharing which
state that non-Federal interests will contribute 25 percent of the cost
of flood control works. This non-Federal portion consists of 5 percent
cash contribution prior to the start of construction from the State with
an additional 20 percent contribution from the benefiting communities or
other non-Federal interest thereafter. In this case, the total non-
Federal contribution of 982,500 (25 percent of 3,930,000) would all come
from the State.
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Federal Responsibilities

As the flood control benefits to be derived by the Big River Reservoir
would be regional in nature, Fede~ral legislation states that this
portion would be a total Federal responsibility. Therefore all costs
associated with the construction, operation and maintenance would be
Federally funded. Participation in the National Flood Insurance Program
would be a local responsibility, although there would be attendant
responsibilities such as providing guidance and technical assistance to
the local communities. However, the proposed policy states that only 75
percent of the costs will be Federal. Both methods are shown above.

Non-Federal Responsibilities

As previously covered, the flood control portion of the Big River Reser-
voir would be a total Federal responsibility under existing legisla-
tion. However, several prerequisites would be required of the local
Interests to prevent further encroachment on the flood plain that could
reduce the effectiveness of the project:

a. Enforcement in all downstream reaches of the 100-year flood-
plain and the other basic requirements of the National Flood Insurance
Program.

b. Publicizing flood plain information in the area concerned and
providing this information to zoning, banking and other groups for their
guidance and leadership in preventing unwise future development in the
flood plains, and in adapting such regulations as may be necessary to
insure compatibility between future development and protection levels
provided by the project.

c. At least annually, informing affected interests regarding the
limitation of the protection afforded by the project.

Local interests would be responsible for implementing the necessary
flood plain regulations required by the National Flood Insurance
Program, so that all interested parties would be eligible to purchase
insurance under the program. Local communities would also be encouraged
to implement additional land use controls, such as evaluation and insti-
tution of subdivision regulations, building codes, land easements and
related measures. In this regard, this would insure against further
encroachment of the flood plains as well as guide their development and
redevelopment so as to lessen future flood losses.

PUBLIC VIEWS

As Big River Reservoir would benefit not only the residents of Warwick,
but the entire State, most agencies, muncipalities, and individuals
favored such a proposal. All those concerned realized the Big River
Reservoir Project, indentified in past studies as an alternative for
solving the anticipated future water supply needs of the Providence
Metropolitan Area, offers the potential of reducing flood damages in
the Pavtuxet Basin.
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Since the additional flood control stod-age would mean about a 3 foot
increase in pool elevation, additional adverse impacts would be minor.
Therefore, public views generally addressed those concerned relating to
the project as a whole and the water supply aspects of it. Comments
regarding the water supply portion, which is the major element of the
project have been presented in the Big River Reservoir feasibility report.
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PLAN F

PLAN DESCRIPTION

This alternative would constitute tne No Action program or, in

effect, what would happen t- the Paw.;xet Basin in the absence of any

Federal flood control involvement. 1- would assume that the provi-

sions of the National Flood Insurance Program would be met, thus

eliminating most of the growth pote,1-1a' within the 100-year flood

plain.

IMPACT ASSESSMENT

Without any protection, the comanir.tes along the Paituxet would

continue to face the threats of floovdirg. As urbanization increases

throughout the basin, runoff rates will incrtaac resulting in higher

peak discharges and higher floodwaters. This will result in even

higher damages to previously flooded areas as well as inndating

normally marginally dry area8. Thus new development in upstream
comuinities, located outside of the flood plain, will increase

damages in downstream are-s -ven without a-v iew downstream flood

plain development. The prognosis is :h ;:se if flood plain

development either in upsre3m or di:nrstraam communities is allowed

or if the existing natural val'py sLrrage areas of the basin are

filled in or reduced in size.

Warwick, Cranston and West Warwick are the only basin c-r! .. 'es

currently enrolled in the regular program of the Natio. " Food

Insurance Program. As surt,, they ha-e estzhl!:hed l0O-ye - f"Ood

plain zoning. The increased flo,J threat fo-" these three comminities

is the most severe. They must adhere to the basic requirements of

the program or face even more potential damages.

The monetary losses without any newly constructed flood control

structure would be greatest in the fcllowing locations: at the

Warwick Industrial Park, the Ciba-Geigy complex, the Warwick Mall

area, the Jefferson Avenue industrial complex, the Bulova Watch

Company, the Wellington Avenue Industrial Park; the Pontiac Print

Works, and the Norwood (Belmont) residential area. Because of the

upstream increases in runoff rates the 100-year storm by the year
2020 could be almost 2 feet above that which now exists. At these

locations, existing annuial losses are $750,000, 1990 losses are

$982,00 and 2020 losses are $1,333,000. This corresponds to a total

increase of 31.5 percent between the base line hydrology and the 1990

conditions, and a 78.5 percent from base line up to 2020 effects.
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EVALUATION AND TRADE OFF ANALYSIS

Appraise System of Accounts

NED Objective. Losses would continue along the tributaries and the
mainstem of the Pawtuxet River. Participation in the National Flood
Insurance program will help minimize future flood losses.

EQ Objective. No effects.

SIJB Objective. The threat of flood damages remains.

RD Objectives. No new land would be available for development and
compliance with FTA zoning requirements would be necessary.

Specific~ Evaluation Criteria

Acceptability. This plan does not involve any major changes and
would be acceptable.

Completeness. This plan would have to be implemented by local
authorities.

Effectiveness and Efficiency. This plan Is only as effective as the
degree of enforcement of the regulatory measures.

Certainty. Medium

Geographic Scope. This plan is entirely within the Pawtuxet River

Basin.

NED Benefit-to-Cost Ratio. Not applicable.

Stability. Medium

MITIGATION REQUIREMENTS

While no direct protection is provided under this plan, future losses
can be minimized by adherence to the management requirements of the
National Flood Insurance Program. This is a program enabling
property owners to buy flood insurance at a reasonable cost. A
commuinity qualifies for the program in two separate phases - the
emergency and regular programs. The emergency program provides
limited amounts of flood insurance while more detailed studies are
undertaken to determine the extent and varying degree of flooding
throughout the area. With the completion of the flood insurance rate
map the comimunity will qualify for the regular program where a second
layer of insurance becomes available. At this point the commnity's
flood plain management efforts become more comprehensive.
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IMPLEMENTATION RESPONSB11 Li11fL.

Costs

Under the emergency program the amount of coverage available for a
single family residence is $35,000 plus $10,000 for contents. When
entering the regulir program a second layer of coverage becomes
available amounting to '.150,000 _or the structure and $50,000 for
contents. Therefore, Lh, cotal amount available under the first and
second layers is $185,0OC fr th2 structure of a single family
residence and $60,000 for the cont--r, . Coverage differs for other
residential structu,'es and small but. s es.

Only the first layer of coverage is available under the emergency
program. Slightly higher limits of ccverage a'x available 'or
purchase under the emergency program in Hawaii, Alaskp, the U.S.
Virgin Islands, and Guam. Full coveragv i& available under the
regular program for all structures in the community. New construc-
tion and substantial improvements are chaiged artiarial rates for all
coverage while all exist- strtictures are charged actuarial rates
for the second layer of -overage and property owners have the option
of paying either the sul'_4Idlzed or ict',arial rate for the first
layer, whichever is !iwer.

The subsidized rates are 0.25 and $0.35 per 1100 of coverage for the
structure and contents respectively for single family rvide. s.
Actuarial rates are furnished by the FEKA do-e- a! c tne type of

structure and elevation relative to the 1ac oo'

Federal Responsibiliti

Flood insurance is required by law to obtain finarciog for buying,
building or improving property 7oLated in tht HU D idsitified flood-
prone areas of a community where flood insur. ce is available. The
law applies to any mortgage loan, grant or other funding that in anv

way is Federally connected - either direct financing from a Federal
agency or a conventional mortgage from a bank or savings and loan
that is regulated or insured by the Federal Government. When a
decision must be made as to whether an individual requires flood
insurance, it will be made by a Federal agency. It is also the
Federal Governments responsibility to establish flood plain
management measures.

Non-Federal Respons '- lities

Each Governor has designated an agency of State government to
coordinate the State's flood in'urance program activities. These
agencies assist communities In adopting the programs required flood
plain management measures which should be implemented by local
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authority. These measures include the requirement that all new
buildings in the flood plain be elevated or floodproofed beyond
certain levels established by the Federal Emergency Management Agency
(FEI4A). Also, they require building permits for all proposed
construction or other development in the community and a review of
the permit to assure that sites are reasonably free from flooding.
For its flood-prone areas the coammunity must also require proper
anchoring of structures, the use of construction materials and
methods that will minimize flood damage, adequate drainage for new
subdivisions, and the location and design of new or replacement
utility systems to prevent flood los..

Additional standards are required within any designated floodway or
coastal high hazard area. A community is encouraged to adopt more
comprehensive standards that exceed the Federal minimum requirements.

PUBLIC VIEWS

Throughout the study and at the various public meetings no opposition
was raised concerning a program of regulatory measures such as those
required within the National Flood Insurance Program. However,
because of the continuing hardship imposed on the people of Norwood,
the Flood Insurance Program offered no relief from the potential
physical and health hazards created in lieu of a physical protection
plan. There was little comment regarding the NFIP 6ince the Corps
was not the agency that would implement such a program. This is done
by FEMA.
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Plan G

PLAN DESCRIPTION

This alternative consists of the 21-foot diameter Natick Diversion
tunnel and the Warwick Avenue Local Protection. Alternative G is the
same as Alternative C except that the Elmwood Avenue Local Protection
Works has been dropped from consideration.

IMPACT ASSESSEMENT

The total benefits or damages prevented under this plan are shown on
Table IV-2. As was the case under Plan "B", most of the residual losses
would occur in the Cranston portions of zones 4B, 6, 7 and 8 but to a
slightly higher degree due to lower flow carrying capability of the 21-
foot diameter tunnel as opposed to the 30-foot diameter tunnel. The
Elmwood Avenue area would experience stage reductions although
reoccurring losses can still be expected.

Those impacts attributed to regional development due to construction of
this project are the same as those discussed previously under the other
plans which included combinations of a diversionary tunnel and local
protection projects. Increased social well-being can also be expected
as a result of the added flood protection. Environmental impacts
connected with this tunnel are the same as the ones covered in Plan A.

E-._UATION AND TRADE-OFF ANALYSIS

As this plan involves the Natick Diversion, its acceptability is low.
Water quality, air quality, and other environmental factors contributed

to this lack of acceptance.

The plan provides an SPF level of protection to the Warwick Industrial
Park. The 21-foot diameter tunnel reduces flood stages as effectively
as the 30-foot diameter tunnel up to the 100-year flood. At a 500-year
event or 0.2 per cent chance of occurrance flood, reductions in stage are
significantly higher using a 30-foot diameter diversion tunnel.

Appraise System Of Accounts

NED Objective - The project first cost of Plan G is $50,020,000, the
benefits are $4,303,000 and the annual charges are $4,050,000. An
undetermined amount of capitol would be lost due to a reduction in
shellfishing.

EQ Objective - Same as Plan A

SVE Objective - Same as Plan A

RD Objective - Same as Plan A
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SpecificEvaluation Cit oria

9Acceptability- No, same as Plan A

Comoleteness -Yes

Effectiveness and Efficiency - Same as Plan A

Certainty - Low

Geoaraphic Scope - Same as Plan A

NED Benefit-to-Cost Ratio - 1.06

Stability - Low

Reversibility - No

MITIGATION REQUIREMENTS

Same as Plan B

IMPLEMENTATION RESPONSIBILITIES

Cost Allocation

All costs associated with this project are to be allocated to flood

control. The cost of this project is shown below.

Project Cost $50,015,000
Annual Charges $ 4,050,000

Cost Apportionment

Cost apportionment between Federal and non-Federal interests for the
plan of improvements is based on Federal legislative and administrative
policies governing flood control management programs. Summation of
project costs together with project investment and annual charges
apportioned among Federal and non-Federal interest is shown on Table IV-2.

Federal Responsibilities

As the flood control benefits to be derived by the Natick Diversion
would accrue to three municipalities, namely, the town of West Warwick
and the cities of Cranston and Warwick, the project would be regional in
character and wholly Federal under present existing legislation. In
this regard, all costs associated with construction, operation and main-
tenance of the diversion project would be Federally funded. The diver-
sion project would be operated and maintained by the Federal Government.
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The benefits accruing to the Warwick Avenue Local Protection would be
local in nature and would entail the ususal conditions of local cooper a-
tion as listed in the following paragraphs on non-Federal responsibili-
ties. The local protection project would be constructed by the Federal
Government and upon its completion would be turned over to the city of
Warwick for operation and maintenance. Federal cost involvement beyond
this stage would be limited to Federal personnel cost associated vith
periodic inspection of the project.

While participation in the National Flood Insurance Program would be a
local responsibility, there would be attendant responsibilities, those
of providing guidance and technical assiszance to the local communities.
Part of this guidance would include encouragement that all basin com-
munities consider additional land use controls as needed to minimize
future adverse runoff effects as the basin becomes more urbanized.

Non-Federal Responsibilities

Sam as Plan B.

PUBLIC VIEWS

Same as Plan B.
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P lan H

t PLAN DESCRIPTION

The plan is fundamentally the same as the two local protection projects
described under Plan D, but at different design conditions, and this
plan includes the multi-use Big River Reservoir complex if eventually
found feasible and environmentally acceptable. As the design of the
reservoir and its operation would be governed by the Corps of Engineers,
flood control storages can he carefully regulated and/or controlled.

IMPACT ASSESSMENT

As mentioned in previous plans involving these measures, Standard Proj-
ect Flood protection would be afforded the Warwick and Elmwood Avenue
areas. Minor adverse impacts resulting from construction such as
increased traffic, noise, and air pollution could result as mentioned
previously. Also, the dike structures depart from the natural state of
the river bank. Previously stated positive impacts on regional develop-
ment, social well being and increase employment and work force would
result from this project.

EVALUATION AND TRADE-OFF ANALYSIS

As a result of the foundations and materials investigntions and the
relatively small reduction afforded to the local protection areas by
flood control storage at Big River Reservoir in comparison to the
diversion, the heights of the two local protection mieasures would have
to increase. The overall effect on the Warwick Avenue Local Protection
would remain about the same as with the levels considered under Plan D.
The significant change occurs in the Elmwood area where the reanalysis
indicated that additional riverside berms in the order of 20 feet wide
will be required to stabilize the dike. In addition, the reductions
afforded under the initial scheme of Plan D were not as great as with
the recalculated values mainly because of the tidal influence. Also the
costs of the interior drainage facilities increased significantly.

The Elmwood Avenue area in Warwick would cost, at a minimum, six million
with lands and damages updated to present figures. As the protected
area is mainly residential homes, the level of protection must approach
a Standard Project Flood. At that level there are approximately 85
homes and 10 commercial firms that would receive damages. At the
hundred year event about 70 homes and 8 commercial concerns would
receive damages. Only one of these commercial firm's losses are
significant, but in terms of annual damages are relatively minor.
However, approximately 10 homes would require relocation because of the
dike alignment. Considering the high cost to protect mainly residential
structures, the average home would cost in excess of $75,000 each to
protect.
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Few, if any, of the homes in the area even with the maximum relocation
assistance provisions added on, are worth the amount cited. Even though
the area warrants some form of protection measure, a local protection
project would far exceed the costs even with potential environmental and
social trade-offs.

Appraise System Of Accounts

NED Objective - The project first cost of Plan H is $22,030,000, the
benefts are $2,001,000 and the annual charges are $1,772,600. The
purchase of approximately seven homes woul4 be required at the Elmwood
site.

EQ Objective - Same as Plan D - Noise pollution will increase during
construction. The walls and dikes of the local protection projects will
detract from the natural riverine state.

SW Obiective - Same as Plan D - There will be an increased sense of
security among area residents. Seven homes will be relocated.

RD Objective - Same as Plan D - Employment opportunities will inrease
during construction.

Specific Evaluation Criteria

Acceptability - Yes

Completeness - Yes

Effectiveness and Efficiency - Yes

Certainty - Medium

Geographic Scope - This plan is entirely within the Pawtuxet River
Basin.

NED Benefit-to-Cost Ratio - 1.13

Reversibility - No

Stability - High

MITIGATION REQUIREMENTS

Same as Plan D

IMPLEMENTATION RESPONSIBILITIES

Cost Allocation

All costs are allocated to flood control. This cost for the alternative
is as follows.
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Project Costs

Warwick and Elmwood Avenue Local Protection Project $18,100,000
Separable Flood Control Cost of Big River 3.930,000

Total $22,030,000

Cost Apportionment

Cost apportionment between Federal and non-Federal interests is based
upon legislative and management policies pertaining to flood control
management program. The flood contro3 element of the Big River Reser-
voir is considered regional. Therefore it will be Federally funded.
According to legislation the local protection projects would be built by
the Federal Government. The costs of lands, easements, rights-of-way,
and relocation in addition to operation and maintenance would be local
responsibilities. These costs are summarized and displayed in Table IV-2.

Federal Responsibilities

As previously mentioned, Big River Reservoir would be a total Federal
responsibility. Participation in the National Flood Insurance Program
would be a local responsibility, although the Federal Government would
provide guidance and technical assistance as an attendant responsi-
bility.

Non Federal Responsibilities

Same as Plan D

PUBLIC VIEWS

The main deterrent to this plan of action was the high costs involved in
operating and maintaining the local protection projects which would be a
burden to the city of Warwick. City officials claimed that the cause of
the flooding problems in their area was due to upstream development and
that they (the city) should not have to pay the consequences when others
knowingly encroached on the flood plain. They cited that a bond issue
or budgetary line item would be needed in order to fund the project. In
all likelihood, neither would be passed.
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PLAN I
PLAN DESCRIPTION

This plan would consist of the mlti-purpose Big River Reservoir, the
Warwick Avenue Local Protection Project and a proposal called the
Norwood Land Bank. The Norwood Land Bank would involve the purchase
of the most flood-prone homes in the Norwood Peninsula (east of
Elmwood Avenue) by Federal interest. At present, 40 homes would be
bought. The same nonstructural alternatives as considered under
other plans would also be applicable to this alternative. These 40
hoses have first floor elevations less than i-he one hundred year
flood as modified by Big River, and are all contiguous.

The evaluations of the Warwick Avenue Local Protection would be
identical to those considered under the previous alternative. The
difference is that the consideration for a local protection project
for Elmwiood Avenue has been replaced by a proposal for outright
purchase of homes. As with the previous alternative, Big River would
be planned, designed and if economically justified and environmen-
tally acceptable built by the Corps of Engineers.

In the event that Big River Reservoir is found to be environmentally
unacceptable, a second option to Plan I is proposed. This option
would still include the Norwood land bank and the Warwick Avenue
Local Protection Project as the structural elements of the plan. The
difference would be the number of homes to be included in i~he land
bank. As the reductions afforded by Big River Reservoir wo,,iid be no
longer possible, the number of homes experiencing first floor
flooding at the hundred year flood would increase by 14; thus 54
homes in the Norwood (Belmont) area would receive first floor
flooding. All of these homes would be included in this acquisition
program.

IMPACT ASSESSMENT

The benefits attributed to the Warwick Avenue Local Protection and
Big River Reservoir are essentially the same as those calculated
under the previous alternatives. However the benefits for the
Norwood Land Bank consist of those described under ER-1105-2-353, and
the benefits to Big River Reservoir have been reduced slightly to
&count for the elimination of the homes in the Norwood area that
would be purchased under the land bank.

Benefits to Big River $725,000
Benefits to Warwick Avenue 950,000
Benefits to Norwood Land Bank 126,500

TOTAL $1,801,500
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The Warwick Avenue area is primarily a heavily developted industrial
area. With construction activities in this area, the possibility
exists that some local merchants might lose business as customers
would prefer to shop in a ]r-ss congested area. Under the second
option the height of the protective measures would have to be
slightly higher, about one foot on the average, if a standard project
design criteria is used.

This plan has the least damaging environmental Impacts. The
additional 3 feet of storage and consequent increase in pool
elevation of the Big River Reservoir complex is assumed to have
minimal effects. It is to be reemph--sized that the impacts mentioned
for Big River are applicable only for the additonal flood control
increment of approximately 3 feet. (Under the second option Big
River Reservoir would not be constructed.)

It does not include the environmental effects of its major use -

water supply. The complete impacts of the entire Big River Mvlti-use
complex have been described in the draft EIS prepared by this office
contained in the interim reported dated July 1980.

The plan when consisting of Big River Reservoir requires the taking
of 40 homes in the Norwood area. These homes are highly subject to
flooding. Most receive monetary losses to some degree. Every year
homeowners have indicated that they object to relocation. All have
first floor elevations below the 100-year flood as modified by Big
River Reservoir operation. Under the second option 54 homes would be
acquired, all with first floor elevations below the 1.00 year natural
levels without Big River Reservoir. A petition was received in April
1979 containing signatures of approximately 30 affected residents
giving their approval of the Corps acquisition plan.

After the homes are purchased and removed, the vacant land could be
turned into a park system by local interests with significant funding
possible by other Federal agencies.

EVALUATION AND TRADE-OFF ANALYSIS

This plan offers protection to the Standard Project Flood level at
the Warwick Avenue area mentioned previously. At the Norwood area 40
to 54 homes (with first floor elevations homes within the 100-year
flood plain as modified by Big River Reservoir) would be removed
thereby eliminating most of the potential for heavy loses. The
remaining homes would still be subject to less frequent flooding
events or to a minor amount of groundwater flooding occuring at
moderate ranged events.
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Residents of the Norwood area have had to e%'acuare their homes in the
past. When ordered to evacuate, most are homeless for several days
and in some instances considerably longer. This creates a financial
burden to those families as the expenses for lodging, meals, and
other related costs are not reimbursable under the Flood Insurance
Program.

Evacuation also creates a severe safety and health hazard. Elec-
tricity is shut off for the area until the water recedes and switch
boxes are inspected. The hot water boilerp or furnaces also have to
be repaired or replaced constantly. The .-- e in this area are also
on septic tank systems. Due to the constani.]y rising water levels
much of the untreated effluent could be going into the Pawtuxet
rather than seeping into the ground. This contributes to the degra-
dation of the area's water quality.

Host of the area residents experience annual cellar flooding. Even
after floodwaters recede, groundwater levels remain high necessita-
ting the extended use of sump pumps. Some pumps are operative
virtually the entire year.

The problems mentioned above would be eliminated by the Norwood Land
Bank under either option. This plan has the most favorable Benef it-
to-Cost Ratio among the ten alternatives.

Appraise System of Accounts

NED Objective - The project first cost of Plan I, is $16,870,000, the
benefits are $1,801,500 and the annual charges are $1,429,300. The
outright purchase of approximately 40 homes in the Norwood area is
included In this plan.

EQ Objective - Noise pollution will increase during construction.
The walls and dikes of the local protection projects will detract
from the natural riverine state. The Norwood site will bie available
for a recreational area.

SWB Objective - Area residents may experience an increased sense of
security but the displacement of families in approximately 40 to 54
residences will be necessary.

RD Objective - During construction, employment opportunities for
skilled and unskilled workers will increase.

Specific Evaluation Criteria

Acceptability - Yes.
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Completeness - Yes.

Effectiveness & Efficiency - This plan Is effective and the least
costly.

Certainty - Medium.

Geographic Scope - Entirely within the Pawtuxet Basin.

NED Benefit-to-Cost Ratio - 1.26.

Reversibility - No.

Stability - High

MITIGATION REQUIREMENTS

After the homes are purchased and removed, the vacant land could be
utilized as a park system by local interests with significant funding
possible by other Federal agencies.

IMPLEMENTATION RESPONSIBILITIES

This section discusses the responsibilities and cost apportionment
between Federal and non-Federal interests that would be required for
implementation of the recommended plan. As formula-ed, the plan
offers an optitmum of development geared to a flooid managenuint program
for satisfying the economic, social and environmental concerns and
resolving the flood problems and needs of the basin.

Cost Allocation

All costs of the alternative are allocated to flood control. Only
the flood control element of the Big River Reservoir is included
here. Separable costs of flood control and water supply of the Big
River Reservoir Project are shown under Plan E. The costs of this
project are given below. Under the second option, Big River would
not be constructed.

Project Cost $16,870,000
Annual Charges $ 1,429,300

Cost Apportionment

Under the present legislated cost sharing requirements the entire
flood control separable costs of Big River Reservoir will be totally
Federally funded, as it provides region wide flood control benefits.
The construction costs of the Warwick Local Protection will also be
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Federally funded. However, the casts of lands, damages, rights-of-
way, operation and maintenance, etc., will be a non-Federal responsi-
bility. The costs of the Norwood Land Bank will also be highly
Federal. This policy has been established under Section 73b of the
1974 Water Resources Development Act. A more detailed discussion on
cost sharing of the land bank concept is discussed under the section
entitled, "Rationale for the Selected Plan."

Using the current policy applied to major water resources projects, a
significant change in cost sharing requirements is evident. Twenty
percent of the total projects first cost nst be borne by the local
benefactors of the project and an additional five percent payment in
cash be the State of Rhode Island prior to the start of construction.
Detailed project costs for Big River are included in the separate
feasibility report. As Big River Reservoir protects four downstream
communities in varying degrees it has been determined that the State
of Rhode Ihland should be required to pay the 20 percent local share
of the reservoir project. Collect a pro-rated reimbursement from the
towns in order to guarantee the cost-sharing requirements. The
Warwick Local Protection and the Norwood Land Bank will require the
20 percent contributions from the city of Warwick apportionment is
shown in Table P1-2.

Federal Responsibilities

As stated previously, using legislated authority loc-al cost sharing
benefits derived from the flood control element of the Big River
Reservoir would be regional in scope and therefore funded by the
Federal Government. Water supply, its major use, would be a local
responsibility.

The Warwick Avenue Local Protection project would be built by the
Federal Government with appropriate cost sharing, and upon its
completion would be turned over to local authority for operation and
maintenance. The same holds true f or the Norwood Land Bank.

While participation in the National Flood Insurance Program would be
a local responsibility, there would be attendant responsibilities,
those of providing guidance and technical assistance to the local
communities. Part of this guidance would include encouragement that
all basin communities consider additional land use controls as needed
to minimize future adverse runoff effects as the basin becomes more
urbanized.

Non-Federal Responsibilities

The Big River Reservoir would be built by the Federal Government, as

mentioned previously. However, upon its completion, it would be
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turned over to local authority for operation and maintenanre. At
present, this authority would be either the Rhode Island State Water
Resources Board or the Providence Water Supply Board. A final deter-
mination would be made prior to Con~gressional authorization for
project advanced engineering and design.

As the benefits accruing to the Warwick Avenue Local Protection and
the Norwood Land Bank would occur principally within Warwick, the
projects would entail the conditions of local cooperation in
accordance with Section 3 of the Flood Control Act of 1936, as
amended, and in conformance with the poIcy expressed in EM 1120-2-
101. Local interests would be required to give assurances satis-
factory to the Secretary of the Army that they would:

a. Provide- without cost to the United States, all lands,
easements, and rights-of-way necessary for construction of the
project;

b. Hold and save the United States free from damages due to the
construction works;

c. Maintain and operate all the works after completion in
accordance with regulations prescribed by the Secretary of the Army;

d. Provide, without cost to the United States, all alterations
and replacements of existing utilities including bridges, highways,
sewers and railroad modifications and relocations other than railroad
bridges and their approaches; which may be required for the construc-
tion of the project;

e. Prescribed and enforce regulations to prevent encroachment
on both the improved and unimproved channel;

f. Prohibit encroachment on project ponding areas and, if the
capacity of these areas is impaired, promptly provide substitute
ponding capacity or equivalent pumping capacity without cost to the
United States; and

g. Comply with the requirement specified in Section 210 and
305 of Public Law 91-646, 91st Congress, approved 2 January 1971,
entitled, "Uniform Relocation Assistance and Real Property Policies
Act of 1970."

Local interests would be responsible for implementing the necessary
flood plain regulations required by the National Flood Insurance
Program, so that all interested parties would be eligible to purchase
insurance under the program. Local communities would also be
encouraged to implement additional land use controls, such as
evaluation and institution of subdivision regulations, building
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codes, land easements and related measures. In this regard, this
would insure against further encroachment of the flood plains as veill
as guide their development and redevelopment so as to lessen future
flood losses.

PUBLIC VIEWS

Big River Reservoir would benefit many of the residents of the State
of Rhode Island from its water supply elements. It would also
benefit the cotununities of Coventry, West Warwick, Cranston and
Warwick by reducing the flood problems along the south branch of the
Pawtuxet River and the mainstem Pawtuxet. Inclusion of flood control
storage of Big River has been recommended by many State and local
officials during the public involvement phases of this study.

The Warwick Avenue Local Protection Project was advocated by the city
of Warwick throughout the study until the cost sharing requirements
become evident. Property owners within the limits of the protection
scheme have not voiced strong approval for the project, and one of
the larger benefactors of the project has objected to its construc-
t ion.

The Norwood Land Bank concept was explained to local citizens in
public workshops held in March 1979.

Prior to March 1979 the residents of Norwood and Warwick officials
had not indicated any support of a potential acquisition plan. After
suffering flood damages in both 1978 and 1979 and facing the reality
that flooding would always be a threat, support of an acquisition
plan grew.

Investigation by this office has indicated that residents of the
Norwood peninsula are generally in favor of a relocation program. A
petition (See Appendix 3) indicating this was received in April
1979. Repeatedly, over the years, families have had to evacuate
their homes as floodwaters rose and the threat of health hazards and
unsafe conditions increased. The people of the area view this plan
as a relief from the continuing ravages of the Pawtuxet River.

42



9 PLAN J

PLAN DESCRIPTION

Plan J is a nonstructural plan. Nonstructural measures include
floodproofing, relocation, and regulatory measures to minimize flood
loss. As regulatory and future action measures are included in
previous plans, floodproofing and relocation are addressed here.

Floodproofing consists of those adjustments to structures which are
designed or adapted primarily to reduce existing flood damages. These
adjustments usually consist of barriers on windows and doors, a water-
tight membrane surrounding interior walls, and interior drainage
control. Many other floodproofing schemes are also possible.
Relocation is required when the potential floodwaters exceed the
limits of flood proofing, or excessive depths of flooding are
anticipated at moderate ranged events.

Through initial screening it was determined that flood problems within
zone 1, 2, 3, 4A and 7A are minimal and no further evaluation was
required in these zones. Therefore, analysis was concentrated in
zones 4 through 8, and the tributary zones.

A computer program was derived to provide an initial screening of the
residential structures. The damage figures used in the program were
based on past damage surveys performed by this Divisjqri for various
types of homes, and the depth damage curves developed by the FEMA.
Literature search plus in-house expertise have resultod in the
following list of criteria that were used in this program. The
criteria applied in this flood proofing program has been previously
described in Chapter III on page 11.

IM4PACT ASSESSMENT

At the Standard Project Flood level, approximately 616 structures,
equivalent to 33 percent of the total number of structures located in
the SPF flood area, would have to be relocated. Eighty-three of these
structures represent commercial or industrial establishments employing
in excess of 5,700 people. At the 100-year flood level, approximately
26 structures would have to be relocated, of which 14 are commercial
or industrial firms employing about 2,500 people.

EVALUATION AND TRADE-OFF ANALYSIS

It is evident from the figures shown in Table 111-2 where the benefit to
cost ratios for the 100-year flood and the Standard Project Flood are
0.10 and 0.04, respectively, that this alternative as a total system is
not economically feasible. While it would allow portions of riverbank
to be converted to a greenbelt area, the social ramifications would be
significant as about 14 industrial and commercial establishments would
have to be relocated, resulting in the direct loss of over 2,500 jobs.
In addition, about 65 homes would have to be raised or relocated. At
the Standard Project Flood analysis, although more theoretical, the
losses are much more significant. Table 111-2 lists these relocations
by major land use category.
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The benefit to cost ratio for single structures was also analyzed for
those that had high losses and/or low corrective costs. It was
determined, with the aid of the computer program for residential
structures and individual analysis for nonresidential structures that
only a few homes in the basin were considered marginally feasible for
flood proofing. It became evident, based on conservative evaluation
criteria, that the unreinforced concrete walls would fail at a much
lower head differential and the bouyancy effect would necessitate
construction of much thicker basement slabs (about 20 inches thick as
opposed to the usual 4 inches).

Appraise System of Accounts

NED Objective - The project first cost of Plan J is $324,000,000, the

project benefits are $3,120,000 and the annual charges are $26,143,000.

EQ Objective - Not applicable.

SWB Oblection - While there would be an increased sense of security
for residents, approximately 26 relocations owould be required at the
100-year flood level of protection or 616 relocations at the SPF
level.

RD Objective - A direct loss of jobs would result due to relocations.

Specific Evaluation Criteria

Acceptability - Some

Completeness - This plan would require revised zoning and regulatory
measures implemented by local authority.

Effectiveness and Efficiency - This plan is not effective in reducing
non-physical losses.

Certainty - Medium

Geographic Scope - Entirely within the Pawtuxet Basin.

NED Benefit-to-Cost Ratio - 0.12

Reversibility - Yes

Stability - High

MITIGATION REQUIREMENTS

In addition to being paid for the property acquired by the Government
and reasonable moving expenses, a homeowner who is displaced by a
project is eligible for a supplemental housing payment up to $15,000
if necessary to assist in the purchase and occupancy of a comparable
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decent, safe, and sanitary home. . - eq'" -ments must be met to
determine the size of this amoui..

Tenants displaced may be eligible for pu.;r: !r:s il to $4,000 based on
other criteria.

IMPLEMENTATION RESPONSIBILITIES

Cost Allocation

All costs are allocated to ilond c- I, The results of the analysid
are tabulated by category and by cowr 7egory. Tables III-I and
111-2 reoresent total costs of fsod . .ng structures in the flood
hazard areas under existing conditions - number of affected struc-
tures represent ownerships which c .. , i'_, :,. f-omplex of str, ctuires
such as a manufacturing concern or a c,:mj!c-, .. plaza. Thus, the
Warwick Mall and Ciba Geigy are handledl .- ,--tituting only one
structure each. The costs noted in but: u:. include tne costs
associated with relocation of structur,? ,-th .- gh floodproofing
measures would be considered only to t': - .-!,oi event, costs
reflecting the Standard Project Flool co.Y tr were derived as a
means of demonstrating an order of magn-i

Cost Apportionment

As stated previously, costs were de,':,c. foi i .i',:ures two
levels of flooding, namely the Standacd Pro-,e § Fl '.- ,', the 100-year
flood. Costs to the non-Federal intf res. ' .: " 20 percent of
the total project first costs, as speciti -. " ;..:ter ,-.sCurces
Development Act, 1974.

Federal Responsibilities

Other than the financial obliga:.10 - :r., b ie, the Federal
government would install the floodproc.- r .;:.rea in the affected
structures and would provide technic1,' , it:ce sich as to local
operation and maintenance of the systt;-. !'is- wo uld include correct
installation of flood shields on doors rP.iP -,'r.iows and proper sealing
of other openings.

While participation in the National F_,' , n i..-tance Program is a
local responsibility, the Federal go-.'iiirn~t would provide technical
assistance and guidance as attendant r(p!esibi]ities. This woul.,
include encouraging al. basin communi :if:-, i-) -osider additional land
use controls and to participate in tht. :,d int'urance program.

Non-Federal Responsibi ities

The individual homeowner would be rc,'pon' i,io -: making sure that
the floodproofing measures are properly rT'o.,,Ce ;A the event of an

impending flood. All seals should be rac, re oiy and the occupants
should be ready to evacuate if the si,-.,tron wirrants such action.
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Local communities would be responsible for publicizing flood plain
information as well as emergency evacuation information. It would be
a local responsibility to discourage any future unwise use of the
flood plain.
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Comparison of Detailed Plans

Because of the duration of the plan forimulation and screening
processes, several of the alternatives either lacked economic
justification or were not acceptable to local interests. All plans
including the Natick Diversion as its major structural element were
publically unacceptable due to potential environmental problems and
therefore eliminated as candidates for the selected plan. The final
benefit to cost ratios for plans involving the Natick Diversion were
derived in the Draft Technical Appendix of October 1976, and updated
to September 1978. Benefits were formulated using guidelines of ER
1105-2-351 dated 13 June 1975.

The riverine environmental quality would be enhanced by alternatives
A, B, C, and G. There are, however, potential harmful effects of the
diversion which could be felt in Greenwich Bay during a diversion
(the major reason why it was found unacceptable). The impacted
medium in most instances would be early life stages, i.e., eggs and
larvae, and the affected area would be dependent upon the amount and
duration of the diversion event, and the particular time of the
year. As the rate of the diversion increases above that of a 15-year
event, some mortality of first year and older adults of most species
would be probable. It is important to note that there is a fairly
high uncertainty associated with this statement. This is
attributable to the fact that this portion of the analysis wab
derived from a mathematical model that assumed worst possible
conditions such as complete mixing of the fresh water discharge with
the saline water of Apponaug Cove and Greenwich Bay, no turbulence
at the outlet site which in practice would aid in dispersing the
discharge, and that existing water quality data for the Pawtuxet will
not improve by the time the diversion would have been operative
(1985) as originally assumed in the draft survey report. The latter
is of significance only for coliform data which could affect closing
of the shellfish beds in Greenwich Bay, both during and after a
diversion.

The remainder of the adverse impacts for environmental quality would
occur during the construction phases for any of the structural plans
presented in the system of accounts. The key adverse impacts would
be felt by the transportation system and air quality. With construc-
tion of a diversion tunnel, significant truck traffic would be
evident at both the intake and outlet structures. Both areas are
serviced by 4-lane highways capable of handling the increased truck
traffic, but some traffic delays and congestion would be probable.

Plans D, E, F, H, I and J do not include a diversion scheme. Thus,
no degradation to marine life would be evident.



The sites of the local protection projects are serviced by major
secondary road systems. The Elmwiood Avenue area is primarily
residential. Altough it is a major thoroughfare (U.S. Route 1), the
increased traffic could pose more significant problems regarding
safety and air quality levels. The noise associated with this
traffic would probably exceed Federal standards on noise levels in
urban areas. The Warwick Avenue area is primarily a heavily
developed light to medium industrial-commercial area. With
construction activities in the latter area, it would be possible that
some local merchants might lose business as customers would prefer to
shop in a congestion-free environment.

All displayed structural alternatives have positive impacts under the
Social Well-Being account. The impacts are the most favorable for
Alternative B (30-foot diameter diversion tunnel and the two Warwick
Local Protection projects). They afford the highest security
possible against potential flooding although significant relocations
would be required. Alternatives B and C would require 7 relocations,
D-6, A and G-1 H-approximately 10, and I either 40 or 54. Alterna-
tive J would require extensive relocations; over 600 for the SPF
level of protection accounting for over 5700 jobs; or 26 for the 100
year protection level, or a loss of 2500 jobs. For the relocations
required for Big River Reservoir see the feasibility report for
actual numbers. No additional relocations would be required for the
flood control storage component.

Although construction in an urban area is normally a negative social
impact, analysis by this office of the impacted area did not prove
this to be true. The people and establishments adjacent to the pro-
posed walls and dikes are subject to constant flooding and hardships.
They generally view the construction activities, i.e., the increased
noise, traffic etc., as a short term loss, and in exchange they are
gaining a lifetime protection against the flood threats which have
constantly interfered with their normal operations.

Under the Regional Development account, all structural measures would
have positive impacts. Construction activities would produce many
new jobs and increase spending in the area. The industrial and
commercial establishments along the river would be afforded a high,
if not complete, degree of protection against flooding. This could
induce them to expand their operations. As they expand, more
permanent type jobs would be created. All of the anticipated land
growth or urban factors would conform with the proposed land use and
zoning criteria currently available from the affected municipalities.

It is to be reemphasized that the impacts mentioned for Big River are
applicable only for the additional flood control increment of about 3
feet. It does not include the environmental effects of its major use
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A - water supply. The complete impacts of the entire Big River multi-
use complex are contained in the Draft EIS contained in the Main
Report.

Plan D is no longer feasible because of unfavorable foundation
conditions at the Elmwood Avenue site. This resulted in an increase
in height for the dike sections, the addition of a stabilization berm
and a different method for controlling interior drainage, The
Warwick Avenue component remains basically the same. This plan is
included in- the analysis as it was the compromise alternative rihai:
the general public wanted after the C-':tober 1977 public meeting.
Plan H contains the same elements as Plan D with the exception that
Big River Reservoir will be an integral portion of the protection
scheme rather than a future action measure to be built by others.

Big River Reservoir is a component of Plans H and I (first option)
and as well as the only structural element of Plan E. Thus these
three plans all afford the same level of flood protection to
downstream areas that do not receive some other form of protection
recommended in other portions of the respective alternatives. As
such they would all have the same positive and negative impacts
associated with Big River.

The Warwick Avenue Local Protection Project is a component of Plan B,
C, D, G, H, and 1, all at the SPF level of protection'. For tie
schemes in combination with the Division, a slightly lower height o'f
wall and dike would be possible. Essentially these all feature
the same environmental quality, social well-being aod r -ional.
development effects.

The Elmwood Avenue Local Protection Project is a component of Plans
B, C, D, and H. Because of subsequent foundation investigations only
the design considerations of Plan H are accurate. Plans B and C both
contain the Natick Diversion which is publicly unacceptable. If
either of these plans is recommended significant design modifications
for the Elmwood Avenue portion would be required, and this would
increase the costs by a minimum of $3 million. Plan D has also been
eliminated from further consideration.

The Norwood Land Bank is a component of Plan I only. As such, the
impacts associated with it are unique to that plan.

Rationale For Designation of NED Plan

The National Economic Development account reflects increases in the
nation's productive output, an output which is partly reflected in a
national product and income accounting framework designed to measure
the continuing flow of goods and services into direct consumption or
investment.
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The system plan with the highest net NED benefits is Plan G con-
sisting of a 21-foot diameter Natick diversion tunnel and the Warwick
Avenue Local Protection project. Also considered! would be the non-
structural elements - the tfood plain 7ontng and!¢r participation in
the National Flood Insurance Program - and the future action program
- the addition of flood control storagc onto the Big River Water
Supply reservoir to be built by non-Federal interests. As such, this
alternative is a!1ed the NED plan and provides the highest denree of
protection at the least cost to the largest area.

Rationale For Desrgnatfon of EQ Plan

This objective reFlects society-s concern and emphasis for the
natural environment and its maintenancn and enhancement as a soure
of present en o'lment and a heritage for future generations. The
environment is enhanced by the management, conservation, preserva-
tion, creation, restoration, or improvement of the quality of certain
natural and c, lruril resourc-s and ecological systems !n the area and
the rest of the na:ion.

Enhancement of the Norwood (Belmont) area would be possible if the
resultant vacant area were turned in~o a roceitional park by local
interests. As thi; plan is the least damaging and has potential for
enhancing the environment it is designated as the EQ Plan.

The plan with the least damaging environmen:al impacts trat satisfied
the objectives of the study is Plan 1. Flood control st:trage at Big
River Reservoir, the Warwick Avenue Local P-otection Projeot, and the
Norwood Land Bank, an acquisition program for the purchase of 40
homes. For the purposes of this attachment the impacts of the adri-
tion of approximately 3 feet of height to the proposed Big RiAer
Reservoir dam is assumed to be negligible. Detailed environmental
impacls are evaluated in the draft EIS accompanying the Big River
feasibility report. If Big River Reservoir is found to have signifi-
cant environmental impacts, the EQ plan would then be Plan I, option
2, the Warwick Avenue Local Protection Oroject and the Norwood Land
Bank, an acquisition program for the purchase of 54 homes.

Rationale for the Selected Plan

Plans involving the Natick Diversion were rejected due to a lack of
public support from out-of-basin, non-floodplain residents. There-
fore Plans A, B, C, and G w-re dismissed. Plan D is no longer
feasible due to a subsequent foundations analysis justification for
the Elmwood Avenue Local Protection measures. Plan E, a viable
alternative, has limited effectiveness in the Warwick Industrial Park
area, and does not provide significant flood stage reduction in the
Norwood-Belnont Park residential area adjacent to Elmwood Avenue.



The No Action plan, Plan F, assumes that in the absence of Corps

participation local interests would implement successful programs for

controlling growth within the flood plains. Also, a planning objec-
tive of the study is to provide the greatest possible degree of flood

protection to the largest area. Plan F was therefore rejected since
it did not provide protection to any area. Plan H, although
justified as a system, does not have the last added increment of
protection, the Elmwood Avenue Local Protection, justified. The B/C
ratio is less than 0.5. Ten of the 54 homes that receive significant
damages at a hundred year event would have to be relocated because of
the dike-s alignment. Plan J is not tstified from a NED standpoint.
Implementation of this alternative could cause the loss of about 6000
jobs and have other potentially devastating regional development
effects.

Table IV-2 is a summary of the 10 alternative plans showing their

contribution to the economic and environmental objectives in addition
to the social well-being and regional development accounts. Also
tabulated are each plan-s response to the evaluation criteria

specified in ER 1105-2-250. Federal and non-Federal responsibilities
required to implement each plan are also given.

Only two alternatives are acceptable. Both have Big River Rese-',oir
as the major flood control measure that provides a degree of protec-
tion to the region as a whole. Throughout the rour of th;s study
there has been strong legislation and public EOpper; for some measure

of flood protection at the Elmwood Avenue (Norwood-P Pinont Park)
residential area, The local support of its resident, has beer strong
at all meetings and workshops. Because of opposition to the numerous
plans providing structural relief to these residents as well as many

other flood-prone properties along the mainstem Pawtuxet by out-of-
basin residents, this key area warrants some form of protection. The
local protection project surrounding this area alone is not econom-
ically feasible. However an acquisition program involving the most
flood-prone homes was found to be economically feasible and
acceptable to the local citizens in lieu of the local protection
project.

Under Option 1, the legislated policy contained in Section 73b
of the 1974 Water Resources Development Act states that "Where
(nonstructural alternatives) . . . are recommended, the non-Federal
participation shall be comparable to that for the structural protec-
tion but not exceed 20 percent of the project costs." The estimated
costs for the non-Federal share of the structural alternatives to the
Norwood Land Bank is in excess of $600,000. Table V-i illustrates

the cost estimate for the land bank concept. Under this recommended
plan, it has been determined that the legislated policy is applicable
to the area above First Avenue, a total of 32 homes. However, due to

5



TABLE V-1

Preliminary Estimate of Real Estate Costs
Norwood Land Bank

Land & Improvements
54 Improved Properties $1,350,000

Contingency (20% of above) $270,000
$1,620,000

Relocation Assistance Costs
36 Owner Occupied Units @ $15,000 $540,000
18 Tenant Occupied Units @ $4,000 $72,000

Acquistion Costs
54 Private Ownerships @ $3,000 $162,000

$2,394,000
called $2,400,000

For 40 structures, the assumed costs were prorated, with the final
cost equal to $1,780,000.
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the urbanization of the past two decades in areaG outside the
corporate limits of Warwick, Increased runoff from storm events has
made the area south of First Avenue more vulnerable to flooding:
Much of the urbanization was due to the construction of 1-95 and 1-
295. To work out a cost sharing formula for 20 percent of the
remaining 8 homes would be impractical and assurances could not be
guaranteed. Hence, the Federal Government would be responsible for
these assurances, as well as all the funds required for the uniform
relocation assistance.

Detailed c.~sts for Big River are show.-, in a separate feasiblity
report to which this report is attached . At the present time, it is
assumed that the allocated flood control share of the project is
approximately $3,961,000. Under current legislative cost-sharing
policy the Federal share of the flood control separable costs would
be 100 percent, which is $3,961,000. The current administration has
proposed several changes in cost-sharing for Federal water resources
projects. These changes include a cash contribution from benefiting
States of 5 percent ($198,050) of the first costs of construction
assigned to flood control and an additional 20 percent ($792,200)
non-Federal contribution which may or may not be a cash contribution.

More information regarding division of responsibilities for the
proposed multi-purpose reservoir project will be presented in the Big
River Reservoir report.

Plan 1, the Big River Reservoir in conjunction wir41 *h t-jahrwirk
Avenue Local Protection and the Norwood Land Bank, is the selected
plan. Although the Norwood Land Bank element requires the taking of
about 40 homes under this option, it has been found that the area
residents accept the plan in exchange for elimfnation of the almost
annual flood losses they have suffered in the past resulting from the
Pawtuxet River overtopping its banks. After the homes are purchased
and razed the vacant land could be turned into a park system by local
interests with significant funding possible by other Federal
agencies.

Big River Reservoir would benefit not only the residents of the
Pawtuxet River Basin but the entire State. With. water supply
becoming a major concern In Rhode Island, the project would provide
the needed supplement in addition to contributing to the solution of
the flooding problems on the Pawtuxet River.

In view of the lack of local assurances or public support for the
Warwick Avenue Local. Protection Project, this element of the sel-cted
plan is not recommended for construction. Thus the recommended plan
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consists of the additon of flood control storage at the proposed Big
River Reservoir (if found acceptable) and the Norwood Land Bank. The
selected plan as shown on plate V-1.

Should the Big River multi-use Reservoir Project not be recommended
for construction, it is advocated that the second option for the
Norwood Land Bank be authorized. This option would call for the
acquisition of 54 homes all having a first floor elevation below the
naturally occurring 100 year flood. The Warwick Avenue Protection
Project would not be a recoummendation under this option either. The
two options for the Norwood Land Bank are shown on plate V-2.

Thus the final costs for the recommended plan are as follows.

May 1980 Price Levels for the Norwood Land Bank
7-1/8 percent interest rate

First Cost Annual Charge Benefits

OPTION 1

Big River Flood Control1  3,930,000 500,000 725,0002
Norwood Land Bank 1,770,000 112,0003 126,500
(40 homes to be acquired) ___

5,700,000 612,000 851,500

OPTION 2

Norwood Land Bank 2,400,000 152,0003 170,600
(54 homes to acquired)

1 - See separate feasibility report for current costs and benefits.

2 - Excludes future benefits all attributable to Big River from 1990-
2090 as the Warwick Avenue Protection Project Is not recommended
for construction.

3 - Excludes relocation assistance costs.

The total cost sharing requirements under these options for both the
legislated and the President's proposed cost sharing are shown on
Table V-2 and V-3 respectively.
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TABLE V-2
LEGISLATED COST SHARING REQUIREMENTS OF THE RECOMMENDED PLAN

OPTION 1.

Federal Share 3,930,000
100% Big River Flood Control 1,136,000
80% 32 Norwood Homes 354,000

1002 8 Norwood Homes 5,420,000

Non-Federal Share
20% 32 Norwood Homes 280,000

Total Cost 5,700,000

OPTION 2

Federal Share
80% 32 Norwood Homes 1,136,000

100% 22 Norwood Homes 984,000
2,120,000

Non-Federal Share -280,000
20% 32 Norwood Homes ___

Total Cost 2,400,000
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TABLE V-3

PROPOSED COST SHARING REQUIREMENTS OF THE RECOMMENDED PLAN

OPTION I

Federal Share
75% Big River Flood Control 2,950,000
75% 32 Norwood Homes 1,065,000
95% 8 Norwood Homes 337,000

4,35 2,000

State Share
25% Big River Flood Control 980,000
5% 40 Norwood Romes 88,000

1,068,000

Other Non-Federal (Local) Share 280,000
30% 32 Norwood Homes_____

Total Cost 5,700,000

OPTION 2

Federal Share
75% 32 Norwood Homes 1,065,000
95% 22 Norwood Homes 935,000

Z2,000,000

State Share
5% 54 Norwood Homes 120,000

Other Non-Federal (Local) Share 280,000
20% 32 Norwood Homes_____

Total Cost 2,400,000
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t CONCLUSIONS

The purpose of this report is to develop a plan, acceptable to the
local interests, that would alleviate the flooding and associated
water resource problems in the Pawtuxet River Basin. The report is
submitted in partial compliance with seven Congressional resolutions
combined under one resolution adopted by the Committee on Public
Works of the United States Senate.

Ten alternatives, involving various combinations of flood control
measures, have been presented in this report. Four of these alterna-
tives include the Natick Diversion Tunnel, six include the Warwick
Avenue Local Protection Project, and four include the Elmwood Avenue
Local Protection Project. Big River Reservoir, with flood control
storage, has been included in four alternatives and the Norwood Land
Bank in one. A No Action Program and a Non-Structural Plan are two
of the ten alternatives presented. Nine of the ten alternatives are
effective in significantly reducing flooding and flood losses in the
Pawtuxet River Basin.

Numerous meetings concerning the PNB study have been held with
Federal, State and local agencies since the initiation of the PNB
study. On 3 March 1979, a workshop meeting was held in Warwick.
Rhode Island to formally announce plans for the Norwood Land Bank
proposal, an acquisition program calling for at that time 32 hones,
all located north of First Avenue. As a result of this and subse-
quent meetings with Norwood residents, a high degree of public
acceptance was evident. An acquisition plan involving the now 40 to
54 homes depending upon conditions has been advocated.

All plans' involving the Natick Diversion Tunnel were publically
unacceptable, although highly effectively in reducing flood damages.
The opposition to these proposals was mainly from out of basin
residents in the area of the proposed outlet works in Apponaug
Cove. This was chiefly due to the potential for detrimental affects
to marine life in the Cove and Greenwich Bay during a diversion of
floodwaters. Plan D, the orginally formulated wall and dike system
protecting the Warwick Industrial Park and the Norwood residential
area, is no longer viable due to subsequent detailed foundation and
hydrologic analyses. Plan E flood control storage at Big River
Reservoir has been the subject of a separate feasibility study. I
Costs for the reservoir as shown in this report are based on costI
updates of architect/engineer estimates prepared from reports
previously submitted to the Rhode Island Water Resources Board.
Overall the flood protection provided by this plan is not as
effective as the Natick Diversion plans. Althougl. 't does provide a
high percentage reduction in losses at the Warwick Industrial Park
and the Norwood Residential area, it is not comparable tc the



protection afforded by a local protection project. The Environmental
Impacts of Big River Reservoir have been thoroughly discussed in the
separate feasiblity report.

Plan H, the reevaluated Warwick Avenue (Warwick Industrial Park) and
Elmwood Avenue (Norwood Residential area) local Protection Projects
and the Big River Reservoir proposal, although having a benefit-to-
cost ratio in excess of unity is not incrementally justified w4th the
Elmwood Avenue portion of the protection project, although socially

and environmentally acceptable.

The primarily non-structural alternative Pian J has a significantly
lower than unity benefit-to-cost ratio. Although portions of the
floodplain could be reverted back to a green belt, making this plan
environmentally acceptable the social impacts of losing employment
opportunities at all of the relocated facilities totalling well over
2000 jobs is not acceptable. The summary system of accounts Table
VI-I presents all significant impacts and evaluations for all ten
plans.

I have reviewed and evaluated in depth in view of the overall public
interest, all documents concerning the proposed action and the stated
views of the general public. For the reasons outlined above and

throughout this report and supporting appendices, I recommend that
the compromise alternative, Plan I consisting of construction of the

multi-use Big River Reservoir, the Norwood Land Bank pronosal and the
Warwick Avenue Local Protection Project be authorized. However,

because of the lack of the local support from the public and indica-
tions that the city of Warwick could not be able to cost-share in the
protection project construction, I do not recommend construct:ion of
the Warwick Avenue Local Protection Works.
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ENVIRONMENTAL IMPACT STATEMENT



The draft EIS for the Pawtuxet River Interim Flood Control Report was
released on 29 June 1976. The preferred plan presented in the DEIS to
provide flood control was a combination of the Natick Diversion and
dikes at the Warwick Avenue Industrial Park and at the Elmwood Avenue
residential area. Also proposed was flood control storage at the Big
River Reservoir if that project was evcr built. During the public
comment period and subsequent public meetings, heavy opposition was
developed particularly to the Natick Diversion. The concern was that
the Diversion although providing near complete flood control would
have serious impacts upon the commercial shellfishing at the flood
water outlet area in Greenwich Bay. Consequently, local interests
and political figures voiced considerable opposition to the proposal.
Therefore, due to lack of local support, further consideration of any
diversion scheme would not be recoimmended.

Without the Diversion the two dikes would have to be built to a larger
scale. In subsequent planning and coordination with local interests,
no local sponsor came forth for the Warwick Avenue Dike. Consequently
although economically feasible, the project is not recommendee&

Review of the Elmwood Avenue flooding area indicates that there is
adequate justification for acquisition of properties affected by the
100 year flood. Through public involvement activities with local inter-
ests, both those whose homes would be bought and local officials, it has
been determined that this proposal is preferred and is recommended as a
measure to eliminate flood damage. There are no significant impacts
related with this proposal.

The original DEIS allowed for the various decisions as now presented to
be developed. The final proposal although not resulting in the flood
reduction as originally desired does result in a plan with local support
and lesser impacts to the environment. Therefore, it is planned to incor-
porate the refined plan into the final EIS and address in general the
comments received in the open comment period and the public involvement
activity which has taken place since that time, resulting in the new
preferred plan. It is not considered necessary to supplement the DEIS
inasmuch as no important or significant impacts are related with the new
proposal. The proposed final Environmental Impact Statement follows.



9 TABLE OF CONTENTS

ItemP.

Project Decription
Environmental Setting 2-1
Relationship of the Proposed Action to Land Use Plans 3-1
Probable Impact of the Proposed Action on the Environment 4-I
Probable Adverse Environmental Impacts That Cannot be
Avoided 5-

Alternatives to the Proposed Action 1

Relationships Between Local Uses of Man's Enviornment &
The Maintenance and Enhancement of Productivity 7-1

Irreversible and Irretrievable Commitments
of Resources 8-1

Coordination 9-1
Comment and Response 10-1

TABLES
Follows

Title Pase

II-1 Water Quality Sampling Stations 2-4
VI-1 Potential Measures 6-3
VI-2 Initial Screening 6-7
VI-3 Affected Ownerships - 30' Natick Diversion 6-9

FIGURES

Follows

Title Page

I-I Pawtuxet River Watershed 1-1
1-2 The Selected Plan 1-I
1-3 Warwick Avenue Local Protection Project 1-2
1-4 Big River Reservoir 1-2
HI-1 Water Quality 2-3
VI-I Plan Formulation Flow Chart 6-1
VI-2 Damage Zones 6-3
VI-3 100-Year Flood Plain 6-10
VI-4 SF? Flood Plain 6-10

.... . . . . .. . -.. . . . . .. . . . . . . " ^ . .. . . ~ . . . - .. . I | i l .. .. -- ' / . . ... Sl l



PREFACE

The Draft EIS for the Pawtuxe-_ River Watershed eport was
issued in September, 1976. At tha: time one element in the selected
plan included diverting water from the Pawtuxet River through a
tunnel (Natick Diversion) tc Apponeag Cove. Great opposition to
this one element was voiced at a pvblic meeting on October 18, 1976,
primarily because of the cost involved and the potential adverse
impact to the marine environment o Apponaug Cove. The Corps,
though, was still asked to continue with the study by evaluating
other alternatives in greater detail.

Altera~ative D, consisting of t'he Warwick Local Protection
Project and the Future Action of !<',e Big River Reservoir, was given
support by the public at the late-stage public meeting in May, 1977.
After detailed hydrological analysis it was determined that the dike
system at Elmwood Avenue (Norwood) and Warwick Avenue woutld have to
be raised three feet to provide for Standard Project Vlood (S.P.F.)
protection. The biggest area of coacern was in the Norwood sectior
of Warwick. The cost to raise the dike to a higher elevation proved
to be not economically feasible. Another alternative that was then
developed was to buy the homes in the flood prone area (Norwood Land
Bank). This plan was discussed with local officials and residents
at a workshop meeting on March 3, 1979.

To summarize, the survey process for the Pawtu,'c R - 'er
Watershed Report has resulted in the following selec!t - .an (te_
entire survey process is described in Section 6):

1. Warwick Avenue Local Protection Project

2. Norwood Land Bank

3. Flood Control Storage at the Big River Reservoir

However, due to the lack of a local sponsor the Warwick Local
Protection Project element of the selected plan cannot be
recommended for Federal implementation.



1.00 PROJECT DESCRIPTION

1.01 Name and Location. The Pawtuxet River watershed (Figure
I-1) lies in the central portion of Rhode Island. It is flanked by
four major watersheds: the Blackstone and Woonasquatucket River
Basins to the north, the local drainage to Narragansett Bay to the
southeast, the Pawcatuck River Basin to the southwest, and the
Thames River Basin to the west. The Pawtuxet River is formed by the
junction of its two principal tributaries, the North and South
Branches, at Riverpoint in the town of West Warwick. It flows
generally to the east and empties into Fawtuxet Cove on the
Providence River in the upper reach of Narragansett Bay.

1.02 Objective. The primary objective of the Pawtuxet River
Watershed Study is to formulate a well-balanced flood management
program.

1.03 Authority. The study is in partial compliance with seven

Congressional resolutio-1 s combined under one resolve adopted by the
Committees on Public Works of the United States Senate and the House
of Representatives. These resolutions authorized the Pawcatuck
River and Narragansett Bay Drainage Basins (PNB) Study, which in-
cludes the Pawtuxet River Basin. Three resolutions pertained to the
Pawtuxet River Basin. Two resolutions, one adopted 29 March 19r8
and the other 10 July 1968, requested review of the Narragansett Bay
volume of the New England - New York Inter-Agency Committee
(NENYIAC) report. The third resolution, adopted 2 February 1970,
requested whether improvements for flood control and other purposes
were warranted along the Pawtuxet River, Pocasset River, and
Meshanticut Brook in the vicinity of Cranston.

1.04 Dimensions and Purposes of the Selected Plan. To satisfy
the objectives of the study, a plan has been selected which entails
a combination of regulatory and corrective measures involving both
nonstructural and structural components. The selected plan, Plan I,
is shown on Figure 1-2.

1.05 A non-structural corrective measure proposed is the
Norwood Land Bank. It provides for the eventual purchase of 40
homes at fair market value plus relocation assistance by the time
the structural elements of selected plan are operable.

1.06 Regulatory measures would include items such as local

participation in the National Flood Insurance Program and a Future
Action Program involving reservoir management. The structural
elements in the selected plan would be the Warwick Avenue Local
Protection Project and the Big River Reservoir.

I-I



1.07 The Warwick Ave Local Protection Projec. The project
would provide relief against riverine and tidal flooding to the low-
lying Warwick Avenue area along the sauth bank of the lower Pawtuxet
River. This plan is shown in Figure 1-3. It would consist of 3400
feet of dikes, 2400 feet of concrete walls, channel realignment and
appurtenant structures which would completely protect more than 450
homes, businespes, and industrial establishments.

1.08 The Big River Reservoir. This component of the struc-
tural plan, located in the towns of Coventry and West Greenwich,
would provide for flood control storage equivalent to six inches of
runoff over a drainage area of about 30 square miles. As presently
planned it would be accomplished by increasing the height of the
State proposed water supply dam by approximately 3.0) feet. It is
shown in Figure 1-4. This report will only address _the additional
3.0 feet for flood control and not the entire conStruction and
associated impacts relating to the water supply portion of the
reservoir. Big River Reservoir will benefit not only the residents
of Pawtuxet Basin but the entire State. With water supply becoming
a major concern in Rhode Island, Big River will provide the needed
supplement in addition to contributing to the solution of the
flooding problems on the Pawtuxet River. A separate feasibility
study for the reservoir, Including an EIS, is part of this report.

1.09 However, due to the lack of local assurances or public
support for the Warwick Avenue Local Protection Project, this
element of the selected plan is not recommended for construction.
Thus, the recommended plan consists of the addition of flood control
storage at the proposed Big River Reservoir (if found economically
and environmentally acceptable) and the Norwood Land Bank. The
Norwood Land Bank would consist of the outright purchase of 40 homes
under this option. However, if Big River Reservoir is found not to
be feasible, it is recommended that the acquisition plan be expanded
to 50 homes, all having a first floor elevation below the 100-year
flood.

1.10 Project Economics. The total first cost is estimated at
$12,825,000 Federal and $4,275,000 non-Federal. The estimated
average annual cost is $1,315,000. The total average annual
benefits are described ia detail in Appendix 7 of the Technical
Appendices to the Main Report. These figures are based on December
1978 price levels. An interest rate of 6-7/8 percent and a project
life of 100 years were used in these estimates. With average annual
benefits and costs of $2,058,000 and $1,315,000 respectively, the
benefit to cost ratio of the selected plan is 1.56 to 1.

1-2
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9 2.00 ENVIRONMENTAL SETTING WITHOUT THE PROJECT

2.01 General. Baseline coaditions have been organized into
three sections - physical setting, natural setting, and human
setting . The physical setting covers the physical geography of the
Pawtuxet River and its drainage basin. The natural setting
describes plant and animel life in the area, and the human setting
portion inciudes the area's socia and economic conditlions.
Existing environmental conditions ar described at eicher a regional
level or a local site-specific level, ,' cnding on which is more
appropriate.

2.02 The Physical Setting. Drainage Basin Description. The
230-square mile Pawtuxet River Basin is located in central Rhode
Island (Figure I-1). The river originates 4n the hilly uplands
between Rhode island and Connecticut and flows easterly to its mouth
at Pawtu et Cove in Narragansett Bay The watershed contains
numerous swamps, a few natural lakes and maay ponds and reser-
voirs, Elevations in the watershed range from 10 feet above sea
level in the lower reaches to as high as 800 feet at the western

divide.

2.03 The main stem of the Pawtuxet River begins at the junc-

tion of the North and South Branches at Riverpoin: in the town cf
West Warwick. From there the river flows generally n-trheast for

approximately U1 miles to Pawtuxet Cove. The North 3B-anch of the
Pawtuxet River originates at Scituate Reservoir, a major source of
water for Providence. Gainer Memorial Dam (formerly Kent Dam) im-
pounds the Moswansicut and Ponaganset Rivers to form this reser-
voir. The South Branch of the Pawtuxet River originates at Flat
River Reservoir. From there the river flows generally northeast for
9.0 miles until it joins the North Branch at riverpoint.

2.04 The Scituate Reservoir is the largest in the Pawtuxet
Basin. This reservoir and five smaller upstream reservoirs are an

integral part of the water supply system for Providence and the
surrounding area.

2.05 The second largest impoundment in the basin is the Flat
River Reservoir, located on the South Branch. It was built and is
operated by the Quidnick Reservoir Company along with two small
reservoirs, Quidnick and Tioque. These reservoirs are used to
maintain flow in the South Branch. There are numerous other small
reservoirs and dams in the basin, most of which were originally used
by textile mills.

2.06 Although these reservoirs are not operated specifically

for flood control, they can have a significant beneficial effect if

the dams are only partially full when flooding occurs. For example,
Scituate Reservoir helped to reduce the March 1968 flood.
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2.07 Weather and Climate The Pawtuxet River Basin has
variable weather conditions t1.;I include frequent but generally
short periods of heavy precipit:ation. The basin lies in the path of
the prevailing westerly windF, which bring cyclonic storms from the
west or southwest toward the east or northeast, respectively. The
area is also exposed to occasional coastal and tropical storms that
travel up the Atlantic seaboard.

2.08 Temperature. The average annual temperature in the
Pawtuxet River Basin is about 50°F with exL -mes ranging from highs
of 100°F to lows of -150 F. Freezing temperatures may be expected
from the latter part of October until the middle of April.

2.09 Precipitation. The mean annual precipitation over the
Pawtuxet River Basin is about 45 inches and occurs almost uniformly
throughout the year. However, extremes in monthly rainfall have
occurred from a high of more than 12 Inches to less thb, n "
inches. The average annual snowfall o%,er the 1:a:;in 4: 40
inches, occurring from December throug "Larcd. ')uc t, the
moderating effect of Narragansett Bay, snow covec usually eelts
quickly.

2.10 Tides. High tides associated with coastal storms can
produce flooding in the lower elevations of the Pawtuxet River
Basin. The most serious tidal flooding is generally associated with
hurricanes. Recent records show one tide of 15.7 feet ir 2etember
1938 and another of 14.7 feet in August 1954. It is estimated that
under some conditions the tide level in Narragansett Bay could cause
increases in river stage 4.4 miles above the mouth of the river.

2.11 Project Impact Areas. The basins's coastal lowland is
covered mostly by an outwash plain of sorted sand and local deposits
of coarse gravel. The Pawtuxet River downstream of Natick is
bordered by a flood plain deposit of alluvium consisting of fine to
medium sand, in places interbedded with gravel.

2.12 The Warwick Avenue Local Protection project would be
located on the flood plain deposits of the Pawtuxet River. The
selected site for the protective works have not previously been used
as a source of commercial sand and gravel.

2.13 Groundwater. Gro-undwater storage underlying the Pawtuxet
River Basin occurs chiefly in bedrock or unconsolidated glacial
drift which overlies bedrock. The bedrock consists of a variety of
metamorphic and igneous rocks. Water in these rocks is present in
fractures and joints. Wells drilled into bedrock are generally
reliable for small quantities of water, but only a few wells yield
large quantities of water.
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4 2.14 Water Quality. The Pawtuxet River is one of the most
polluted in Rhode Island. Water quality in the basin ranges fron
Class A (suitable for domestic water supply) at Scituate Reservoir
and the Big River, Class B (suitable for domestic water supply w!th
appropriate treatment and for swimming) at Flat River Reservoir and
the upper reaches of the North and South Branches, Class C (suitable
for fish and wildlife habitat and boating) for most of the main
stem. While at times conformation to these classifications varies
they remain long term goals as established In 1977 by the Rhode
Island Department of Health. A map showing these water quality
classificatlons is presented in Figure i-I. Although the environ-
mental objective of the Federal Water Pollution Control Act amend-
ments of 1972 is to attain a minimim of Class B waters everywher-,
economic and technologic limitatioa-s could preclude such attainmnt
in the lower Pawtuxet River Basin.

2.15 Water quality degradation within the bain can bp
attributed to both rur11 and urban problems. T'r, ,-iral 1 ollie;
along the upper reaches of the North and South lr.-':xrhes c,n le
attributed to the lack of munici.pal treatment facl:7Ities. lI-
adequate subsurface disposal units, incomplete onsite treatment ('r

industrial wastes and frequent occurrence of low flow con?'i-r-:

contribute at times to high pollutional loadings.

2.16 The urban problems, along the lower reocf. c' :1e North
and South Branches and along the main stem, are c., - : 1 rhan ran-
off and the effluents from these three minicipal tr n'i facil-
ities and several industrial and State instftutionea. treatment
facilities. Although all facilities provide the eqIJvalent of sec-
ondary treatment, significant pollutlonal loadings remain in the
discharges that further degrade the already impaired water quality
caused by the upstream conditions. In addition, dams along the
South Branch and the main stem cause sluggish flows and sedimen-
tation of settleable solids, including organic wastes, thereby
reducing dissolved oxygen levels.

2.17 There are four basic future needs within the basin: 1)
provision of the proposed regional treatment facility in Coventry,
expansion and or modification of the existing Warwick, West Warwick,
and Cranston treatment facilities; 2) addition of more sophisticated
treatment components at existing treatment plants to remove any
objectionable parameters; 3) expansion of existing treatment
facilities as needed to handle future growth, and 4) resolution of
the existing problem of insufficient low flows throughout the lower
basin. Some of these needs may not be possible to resolve.

2.18 Water quality sampling is conducted on a periodic basis
by the Rhode Island Department of Health. Water quality data in
association with related projects for the basin has been collected
by the Corps of Engineers together with the Federal Environmental
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Protection Agency (EPA) for two stations on the main stem and one
station each on the North and !ou.th Branches. Water sampling began
in September 1975 and continued on a monthly basis to April 1976.
The results are presented in Table 11-1. On the main stem, Station
1 is located at the Broad Street Bridge near the mouth of the
Pawtuxet River, and Station 2 at the Providence Street Bridge (Route
33) in West Warwick - Warwick Just upstream of the Natick Dam.
Station 3 is located along the South Branch at the Providence Street
Bridge in West Warwick, just upstream from the confluence with the
North Branch. Station 4 is located along the North Branch at the
Main Street Bridge in West Warwick.

2.19 Existing Wastewater Treatment Facilities. Three major
secondary sanitary systems in the Pawtuxet Basin collect and treat
wastewater. They are the Cranston, Warwick and West Warwick
systems, serving those communities, respectively.

2.20 The Cranston plant is loca ed on the Pawtuxet RiTe- -t
about river mile 4.5. It is virtually floodproof for all conditions
except for events greater than the 100-year event, though some
modifications of the pumps may be necessary to operate properly
under high water conditions. Sludge produced in the plant is
currently stored on land near the edge of the river, where it would
be inundated by flood flows. A 100-year flood is one having a one-
percent chance of occurrence in any given year. It is basod on
statistical analysis of streamflow records available for thp
watershed and analyses of rainfall and runoff characteristics in the
watershed and nearby region.

2.21 The Warwick wastewater treatment plant is located on the
Pawtuxet River at river mile 5.5. Major portions of the treatment
facilities would be subject to flooding during the 100-year event.

2.22 The West Warwick sewage treatment plant is located on the
Pawtuxet River at river mile 9.1. Its secondary treatment
facilities would be flooded by the 25-year flood under future
hydrologic conditions. Sludge from the plant is currently stored on
land near the edge of the river and can be affected by river
flows. Several other treatment facilities are currently provided by
industrial firms in the basin such as the American Hoescht
Corporation, Falvey Linen Supply and Ciba Geigy.

2.23 Expected Flooding Without the Project. Without flood
protection considerable damage would occur along the lower Pawtuxet
River, particularly in commercial and industrial areas. The March
1968 flood, which is considered to be less than a 15-year event,
caused considerable damage. Since then, new development has taken
place and a similar flow would cause even greater damage now.
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TABLE II-1

WATER QUALITY SAMPLING S

(September 1975-March 191

STATION 1 STATION 2
Minimum Maximum Minimum Maximum

Average Daily Flow (cfs)' 137 679

Water Temperature (°C) 3.0 18.5 3.0 18.5

pH (units) (neutrality = 7. 0) 5.7 7.6 5. 3 7.7

Total Coliform
(bacteria/100 ml) 1,700 92,000 2,400 240,000

Fecal Coliform (bacteria/100 ml) 170 54, 000 490 34,000

Ammonia- Nitrogen Demand
(mg/l) 0. 10 2.00 0.05 0.80

Dissolved Oxygen (D. 0.) (mg/i) 7.0 14.0 7.0 14.0

Biochemical Oxygen Demand -
5 Day (B. O. D. 5 ) (mg/i) 2.0 12.8 1.8 29.8

Chemical Oxygen Demand
(C. 0. D. ) (mg/) 16 37 9 58

Total Nonfilterable Residue
(mg/1) 1 9 2 27

Volatile Nonfilterable Residue
(mg/i) 1 6 1 4

* At U. S. G. S. Gage in Cranston

Station Locations: Station 1 - Pawtuxet River at Broad Street, Cranston.
Station 2 - Pawtuxet River at Providence Street, West Warwick
Station 3 - South Branch Pawtuxet River at Route 33, West Warwick.
Station 4 - North Branch Pawtuxet River at Route 115, West Warwick.



MPLING STATIONS
5-March 1976)

2 STATION 3 STATION 4

Maximum Minimum Maximum Minimum Maximum

18.5 3.0 19.0 3.0 18.0

7.7 5.2 7.5 6.0 7.6

240,000 9,200 350,000 400 160,000

34,000 620 160,000 140 13,000

0.80 0.05 0.70 0.05 0 90

14.0 6.6 16.0 8.1 14.0

29.8 3.9 16.2 1.6 5.1

58 27 46 5 34

27 2 10 1 10

4 1 6 1 6
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ick.
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2.24 In future years increasing development in the watershed
can be expected to increase flooding in two ways. Additional
pavements and rooftops will cause more water to run into the river
instead of into the ground. Also, the destruction of the natural
areas and wetlands that act as storage areas for precipitation, will
increase the speed of the runoff.

2.25 In the Warwick Industrial Park and the Geigy area
riverine flooding of a 100-year frequency would create flood stages
ranging from 14.0 feet near ITT Hammel Dahl and 15.8 feet on the
downstream side of Warwick Avenue to 19-3 feet upstream of the
pedestrian bridge at Ciba Geigy. These eievations are based upon
1970 hydrologic conditions and are relative to mean sea level
(msl). This flooding would produce water depths of one to four fe-t
above most first floor elevations throughout the entire industrial
park area. Greater depths of four to six feet above first floir
elevations would affect areas near the Ciba Geigy Chemical Works.
For the same reference points under future condition:J, wE would )are
elevations of 15.0, 16.7 and 21.0 feet, respectively.

2.26 Flood stages for a standard project flood would range
from 21.5 to 22.6 to 26.6 at the above points, respectively, under
1970 hydrologic conditions. This would cause flood stages
approximately seven feet above thcse for the 100-year event. 7 fer
future conditions at the same points, flood stages of ajproxiielv
23.3, 24.6 and 27.8 feet, respectively, would result. This
corresponds to depths of water above the first floor slabs ranging
from maximums of 10 feet in Sealol to 14 feet in some of Geigy's
buildings.

2.27 The Natural Setting. General. The section covers the
natural ecology of the project area and discusses plant and animal
life likely to be affected by the proposed project.

2.28 Warwick Avenue Area. Along the river in the Warwick
Avenue industrial area, topography, soils and drainage patterns have
combined to produce a complex of sites that are occupied by small
basins of freshwater marsh, wooded swamps and the plants associated
with a flood plain community.

2.29 The freshwater marshes contain dense stands of tussock
grass and cattail in standing water. The domination of these two
plants and the lack of open water reduces the diversity of the plant
community. However, the marshes are being invaded by red maple
seedlings, and ultimately these marshes will become wooded swamps
through the natural process of plant succession.

2.30 Vegetation Communities. The vegetation in the Warwick
Industrial Park area is limited, consisting of swamp forest in the
riverside locations with succassional types scattered throughout.

2-5
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Some of the successional plants have appeared after flooding or
natural channel cutting, while others took hold because of man's use
of the land. Those species present are silver maple, slippery elm,
red maple, red ash, aspen and swamp white oak with high bush
blueberry, sweet pepper bush, arrowwood, green briar, sheep laurel,
dogwood, alder and willow forming a dense understory. Various
grasses and sedges along with ferns and mosses form the ground
cover. Groups of skunk cabbage and cowslips are also present.

2.31 Common mammals using the wetlands along the river are the
starnosed mole, muskrat, racoon, opossum, little brown bat,
cottontail rabbit, chipmunk, gray squirrel, flying squirrel, Norway
rat and skunk. Mink, otter and red fox may also pass through the
area.

2.32 Many species of ducks, including the wood duck, black
duck, mallard and teal, use the sedge-cattail -- eas as T'ell a'- the
river flood plains. Killdeer and snipe aice vPLters to the m:-hef;.

Flickers and downy and hairy woodpeckers are cocmon throughout the
swamp woodlands along with blue jays, crows, chickadees, nuthatches
and other creepers. Many species nest throughout the wetlands while
others are visitors on a seasonal basis.

2.33 On the Cranston side of the river, opposite the Indus-
trial Park, is a sizeable forested flood plain called the Pawtuxet
Reservation. A State-owned property, it is the largest green space
in either Warwick and Cranston. The plant species present here are
similar to those on the Warwick side, but they are more extensive
and probably contain a wider variety of plant materials.

2.34 Big River Reservoir Area. The vegetation communities of
the study area are diverse, and include pure stands of hardwoods and
conifers. Wetland vegetation types appear widely distributed
throughout the area and consist mainly of swamp forest, fresh marsh,
and shrub swamp. There are no extensive agricultural lands present
in the study area.

2.35 The dominance of coniferous vegetation is the most
striking natural feature of the study area. Fully 75 percent of the
area contains conifers, either in pure or mixed association. The
predominant species are white pine and pitch pine. Lowland forests
are dominated by red maple, swamp white oak, elm and red ash. The
swamps contain dense stands of highbush blueberry, spice bush, sweet
pepper bush, swamp azalea and witch hazel.

2.36 Dense aggregations of herbaceous plants are present in
the lowland forests and include skunk cabbage, sphagnum moss,
interrupted fern, wood ferns of various types and royal fern.
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2.37 The study area contains varied wildlite habitats
including forest, sIcesho'- aands, farm field;, wtInnis, pond.,
and streams.

2.38 Common mammals include white-tailed deer, red -nd gray
fox, various shrews ane bats, along with cottontail rabbits,
snowshoe hare and such rodents as the chipmunk, woodchuck, and red,

gray and flying squirrc-ls. e mouse and mole populaticas iorm a
food basis for predators.

2.39 A number of valuable fur-bearing mammals are also common
to the study area. They include racoon, long-tailed weasel,
muskrat, mink, otter and possiblv the bobcat.

2.40 The variety of habitats in the study area is also attrac-

tive to various bird species, and the extensive conifer vegetation
provides food and shelter for nuir, r '-s ornf boirds that c.'cupy all
strata of the forest. Some spicies, si,:h ;s the cross.Jll, feed
extensively on seeds of conifers and may us trese areas as
wintering grounds.

2.41 Birds of the area include the red-tailed hawk, marsh
hawk, sparrow hawk, ruffed grouse, bob-white auI, ring-ncked
pheasant, morning dove, cuckoos, great-horned owl, go,- --- _ker!-.
swifts, hummingbirds, various flycatchers, woodpecker- m d
swallows. The blue jay, crow, chickadees, nitthltcbe , - rc--purs and
thrushes are common. During the spring and fall migratLonr, large
numbers of woodland warblers are present including the black and
white, bluewinged, Tennessee, parula, yellow, magnolea and Cape May

as well as the myrtle chestnut-sided ovenbird. Large numbers of
black birds, sparrows and various finches use the area are breeding

population of the scarlet tanager and cardinal are also present.

2.42 The streams, ponds, swamps and marshes of the area
contain a wide variety of aquatic birds and mammals. Waterfowl
species such as the mallard, black duck, wood duck and blue-winged
teal breed in the area, and during the migratory season they are
joined by Canada geese, green winged teal, pidgeon, shovelers and
ring-necked ducks. Wading birds such as the great-blue heron,
bittern, egret and black crowned night heron are present along with
various shore birds, rails and coots.

2.43 The Human Setting.

2.44 General. The description of the human setting addresses

population trends, land use and economic development in the study
area. It also includes social and cultural characteristics as well
as recreation, historic/archaeologic and aesthetic considerations.
Transportation facilities and the related noise and air quality are

also addressed.
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2.45 Population Trends. Within the five municipalitic-s in the
project impact area (Cranston, Warwick, West Warwick, Coventry and
West Greenwich) population increased during the 1960-1970 period
from 172,116 to 205,253. Population trends and projections were
compiled by RISWPA, the Corps and by OBERS.* The OBERS population
projection for this area (excluding West Greenwich) for 1990 is
260,400, for an average annual growth rate of 1.2 percent. This
compares with the Planning Agency estimate of 250,700, at a growth
rate of 1.05 percent.

2.46 Long-range projections by OBERS for the year 2020 show an
increase in this area to 368,100, indicating an average annual
growth rate of 1.2 percent. The Corps of Engineers has forecast a
population of 313,375 for that year, an annual growth rate of 0.75
percent.

2.47 Coventry. The population of Coventry grew from 15,432 to
22,947 during the 1960-1970 period, an average annual growth rate of
almost four times that of the StatQ uf Rhode Island. The RISWPA
estimate of the 1990 population for Coventry is 32,100, while the
OBERS projection is 41,000. Both estimates show that Coventry's
population will continue to grow, primarily because of immigration,
but at a decreasing rate.

2.48 Warwick. With a populatio, Lincrease of 15,190 in the
1960's and an annual growth rate of . percent during that period,
Warwick remains the second largest city in Rhode Island. Its growth

rate is double the State's as a whole. RISWPA and OBERS projections
for the year 1990 estimate Warwick'" population at 105,900 and
113,300, respectively. It is assumed that Warwick's population will
grow at a decreasing rate and may approach the State's rate over the
long term.

2.49 Cranston. Cranston's population grew from 66,766 to
74,287, an annual growth rate of 1.1 percent, between 1960 and
1970. Projections for 1990 show a decrease in the average annual
growth rate of 0.15 percent and 0.8 percent for OBERS and the
RISWPA, respectively. Projections for the year 2020 show a drop in
the growth rate to 0.75 (Corps of Engineers) and a negative rate of
-0.3 (OBERS). Cranston's growth rate is expected to decrease below
the State's growth rate.

*OBERS: projections compiled for the Water Resources Council by the

Bureau of Economic Analysis of the Dept. of Commerce and the
Economic Research Service of the Department of Agriculture.

RISWPA: Rhode Island Statewide Planning Agency

2-8



2.50 West Warwick. The town of West Warwick grew at an
average annual rate of 0°75 percent between 1950 and 1960 and at a
1.3 percent rate between 13o0 aind 1970. The town's growth rate is
expected to remain constant or decline slightly.

2.51 West Greenwich. The poieulation of West Greenwich grew
from 1,169 to 1,841 between 1960 and 1970, for an average annual
growth rate of 4.7 percent. The OBERS projections for the popula-
tion of West Greenwich show 3,600 residents in 1990 and 9,300 in
2020, for annual average growth rates of 3.4 and 3.2, respectively.
The statistics indicate that West Gre -wich is a steadily developing
small town.

2.52 Economic Development In order to effectively analyze the
economic impact of the project on the Pawtuxet River area, it is
Pecessary to view the study area in a regional and historic context.

2.53 DurIng the mid-2Ot% century, there was a treiid away from
manufacturing toward a more diversified economic base stressing
general service industries. During 1950-1958, Rhode Island's
economy experienced a substantial decline, culminating in the loss
of 26,000 jobs in the 1958 recession. From 1958 to 1964, the annual
growth rate in service-producing industries *almost doubled and the
State gained an average of 3,500 jobs/year. This upsurge, though,
was not enough to offset the continuing loss of manufactiring
jobs. Despite excellent location and transportation factors, older
industries have declined without corresponding gains in service
sectors.

2.54 Future Trends. Economic activity in the Providence-

Pawtuxet-Warwick subarea is expected to decline despite the shifts
in employment and the diversification of Rhode Island's economy.

2.55 Warwick According to the Rhode Island Department of
Employment Security (DES), the largest employment categories in
Warwick in 1972 were manufacturing, wholesale and retail trade, and
service industries.

2.56 Present trends indicate a strong upsurge in wholesaling,
retailing and the service sector. Local strip commercial develop-
ment, shopping malls and discount stores have succeeded in capturing
an increasingly larger share of the Warwick trade market. In 1958,
Warwick received only 10 percent of its own trade market, as

*Community Renewal Program, Warwick Planning Department,

Warwick, RI, p. 4
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comptred with 42 percent in 1970,And an estimated 63 percent by
1980 . A 1975 "Warwick Profile" shows that Warwick currently has
a diverse industrial/commercial base.

2.57 Projected trends indicate continued increases in the
service sector and stabilization in manufacturing, with growth over
the next 10 years about equalling the 1960-70 increase.

2.58 In the Warwick Industrial Park which would be protected

by the proposed local protection works, there were i,222 people
employed in 1971 at an annual payroll of $, ,700,000.

2.59 Cranston. Cranston's economic trends and developmei, re
similar to the city of Warwick's. According to Corps figures,
Cranston's annual civilian labor force growth rate for 1960-1970
period. The employment in goods-producing industries in Cranston
has decreased from 43.5 percent to 3.5 percent, while employment in
services producing industries increased from 56.5 percent to 62.5
percent. This trend is expected to contint e for a few years and
then level off.

2.60 West Warwick and Coventry. Trends indicate that the

growth rates of these two towns are decreasing. As in Cranston and
Warwick, employment in service industries displaced employment in
goods-producing industries between 1960 aid 1970. In Coventry,
manufacturing employment decreased from 51.7 percent to 43.5
percent, while service employment increased from 44.7 to 51.5
percent. In West Warwick, goods-producing employment decreased 55.7
percent to 47.0 percent, while ervice employment increased from
44.7 to 53.0 percent. Trends in this direction are expected to
continue through the next decade and then level off.

2.61 Shellfishing Industry. Although specific employment data

for the shellfishing industry is unavailable, selected statistics
indicate its importance to the local economy. The Rhode Island

Community Renewal Program, Warwick Planning Department, Warwick,
11, p4

Community Renewal Program, Warwick Planning Department, Warwick,
RI, p. 11

***1971 Corps Report, p. 10

****Unpublished statistics prepared by the New England Division of

ti'e Corps of Engineers
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Agricultural Experiment Station has estimated that local shell-
fishing is a million-dollar a year industry. A Corps report state3
that in 1972 the amount of shellfish handled in Apponaug Cove and
Greenwich Bay by ship totalled 16 and 560 tons, respectively.

2.62 Social and Cultural Characteristics. A recent survey
of the two most potentially affected project impact towns, Warwick
and Cranston, indicates the presence of a strong sense of community.

2.63 Warwick residents are fond of their city and most feel
deep loyalties to it. Important widely held values include the
ability to maintain a suburban lifestyle, home ownerships, a good
education system, participation in religious and civic organizatieons
and proximity to the seacoast. Flood control and flood plain zo-ing
were frequently cited as important local issues, although coas:al
flooding appears to be a greater concern than riverine'floodir,.

2.64 Residents of Cranston are also proud of their city anc
they frequently expressed the hope that it "stays the way it is."
Important local values are similar to those held by Warwick
residents. Flood control and flood plain zoning were not major
con:erns for most residents interviewed, although several said that
flooding was a problem.

2.65 Recreation Resources. Within the primary project area
are several public recreation areas and several wetlands and
environmental preservation areas. While only a few of these provide
facilities for active recreational pursuits, others offer potential
for passive recreational pursuits, others offer potential for
passive recreational uses and contribute important environmental,
ecological, and visual amenities. The lower section of the Pawtuxet
River offers important visual amenities, although its polluted state
makes it unsuitable for water contact activities.

2.66 Recreational opportunities in the project area are
limited to ball fields located within the Pawtuxet Reservation (Fay
Memorial Field) and at State Route 2 where it crosses the river
(Natick Field). Of the remaining lands offering recreational
potential, nearly all are either wetlands generally unsuitable for
development or areas specifically designated for environmental
preservation. These include the Pawtuxet Reservation, the Pawtuxet

*Waterborne Commerce of the United States 1972, Part I: Waterways

and Harbors for the Atlantic Coast, U.S. Department of the Army,
Corps of Engineers

* Unpublished study conducted in 1974 by the Corps of Engineers.
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River Reservation (and wetlands immediately upstream), and a State
conservation strip (adjacent to Howard Industrial Park), all of
which are located on the Cranston side of the Pawtuxet River. Roger
William Park, the only large park in the area, is beyond the
primary project sites and would not be affected by the project.

2.67 Historic and Archaeological Resources. At the time that
the Natick Diversion was under consideration, (1976) coordinaition
was performed with the Rhode Island Historic Preservation
Commission. No significant resources with'n the proposed project
area were identified at that time.

2.68 Potential impact of flood control capacity within O:ic
proposed Big River Reservoir is currently being examined for the
Feasibility Report and Environmental Impact Statemient associated
with that project. No known prehistoric or historic resourccs are
located between the proposed maximum reservoir pool of 302.5 Msl and
flood pool of 305.0 msl. If more advanced design study at Big River
Reservoir is authorized by Congress, further cultural resource
studies will be undertaken within the area. Coordination is being
maintained with the Rhode Island Historic Preservation Commission.

2.69 Aesthetic Conditions. The Warwick Industrial Park is an
assortment of low-profile industrial and commercial buildings withn
adjoining parking lots. It is located on low-lying, fairly level
terrain. For the most part, the visual quality of the area ia
rather poor. Vacant lots have accumulated debris and are in need of
an overall cleanup. A number of businesses have made an effort to
upgrade the aesthetics of the area by landscaping their grounds.
(The entrance to Sealol Company and the land behind ITT Hammel Dahl
are examples of such efforts.)

2.70 Across from the industrial park on the Cranston side of
the river, is the Pawtuxet Reservation. It offers a natural setting
of forest areas and wetlands, allowing visual enjoyment of the
waterfront.

2.71 The area where the Big River Reservoir is proposed is
largely undeveloped. Its vegetation, wildlife, wetlands and water
give the area high aesthetic appeal. It is one of the very few
remaining large areas of open space within the State that has
escaped intensive development.

2.72 Noise. Noise levels are ordinarily measured in units of
decibels (dB), a term decribing the sound level on a logarithmic
scale. A weighted decibel scale known as dBA more accurately repre-
sents noise levels as perceived by the human ear. Since noise
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levels generally fluctuate over time, noise is frequently described
statistically in terns of i[0, which is the sound level in dBA thz-
is exceeded 10 percent of the time for the period under consider-

ation.

2.73 The most prevalent noise source in urban/suburban areas

such as Warwick and Cranston is automobile and trucb, traffic.
Although ar .erial traffic volumes in the vicinity of the propose6
local protection project are generally moderate, truck traffic on
the major routes is substantial. Soun," V',:els at a distance of 50
feet from an auto traveling 30 m.p.h are s'ilproximately 60 dBA. A
full throttle diesel truck at the same distance can generate 90 dBA.

2.74 The Federal Highway Administration standards for
residential areas specify that the 70 dBA level must not be exceeded
over 10 percent of the time. Heavy automobile traffic or the
frequent passage of large diesel trucks may cause noise levels in
adjacent toadways to ex(eed tclerablu levels.

2.75 The proposed construction activities in Warwick may
generate significant noise from onsite corstrtzction equipment and
heavy trucks traveling to and from the s4tu. This type of activity
would temporarily affect the aesthetics of the area.

2.76 Air Quality. The primary detcrminants lf I.r quality in
an area are the meteorological conditions -nd the nao,rr cf the
sources of air pollutants. In the Warwick-Cranston area t,ere are
no longer industrial sources of significant air pollution. The
primary source of contaminants is the burning of heating fuels in
residential and commercial buildings. Another major cause of air
pollution is the emission from vehicles traveling on the roadways in
the area.

2.77 Present air quality was not determined in this study.
However, it is likely that most locations generally experience
favorable conditions since land use is predominantly medium density
and vehicular travel on the arterial network is generally moderate.

2.78 In general, the air quality in the immediate vicinity of

the considered projects is not expected to be significantly
decreased during construction or after completion.
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9 3.00 RELATIONSHIP OF THE PROPOSED ACTION TO LPXD USE PlANS

3.01 Area land us- p;, ner: :.nd the public ari -iware of the
proposed flood protection plans. Several public meetings were
conducted in addition to other meetings listed in the coordination

section. As a result of our contact with State and local people, it
is our understanding that the selected plan will have a positive
effect on p-esent and future land use plans. Flood protection may
provide a potential increase in land area available for recreational
and industrial use. Although these aspeccts are further addresseA in
the next secLion, the final decision re ;-rding land use is a lo'2_1

responsibillci:.

3.02 In order to facilitate the evaluation of probable pr1,2ct
impacts, th: flood plain for the Standard Project Flood (SPF) in.
Cranston, Warwick, and West Warwick has been designated as a primary
impact area. This is the land that would be most significantly
protected by the proposed flood control measure,: (particularly the
local protection project).

3.03 A substantial amount of land aloug the river in the SPF
flood plain zoned for indlstry in all three municipalities with the
following notable exceptions: (1) an area zoned for residential -ve
on both sides of the river including the Norwood penr,,1 in W .
wick and the residential area opposite it in Cranston; "w't!,nd
areas zoned for open space use in the Pawtu-cel R-eer~atlc ar', 1-he
Pawtuxet River Reservation in the Pawtuxe and Eden Par- s,:-tions of
Cranston: 3) the commercially zoned area in Warwick west of the
Warwick Industrial Park; anc (4) the large area zoned for commercial
use at the intersection of 1-295 and 1-95 (the location of Warwick
Mall).

3.04 Not all of the riverside property that is zoned for

development has been fully developed. Near the mouth of the river
on the Warwick side, for example, land is available in the Warwick
Industrial Park with the adjacent area zoned for commercial use and
the next area also zoned for industry. Farther upstream, on the
Cranston side, there is undeveloped industrially zoned land which
will probably never be developed b cause it is an unsewered, low-
lying wet area that the city intends to protect. In the Cranston
residential area, opposite Warwick's Norwood section, land is
available for additional residential growth.

3.05 Upstream of the Norwood peninsula there is undeveloped
industrially zoned land on both sides of the river. Continuing
upstream, there are areas zoned for industry up to the 1-295 and
1-95 intersection that are not completely developed. The commer-
cially zoned area at the 1-295/1-95 interchange also has land
available for additional commercial uses. Almost all of the land in
the West Warwick section of the study area is zoned for industrial
use but, as previously noted, this area is not intensely developed.
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3.06 Some of these areas may never be developed for their
zoned use because of wetland areas that preclude development. The
land in Warwick at the river-s bend ner the 1-95 interchange with
the airport access road characterizes thls type of wetland area.

3.07 The land use in C'orentry and West Greenwich will be
significantly altered by the construction of the Big River Reservoir
area that now Is largely un(Iveloped w..l be transformed into an
environment dominated by water. (The environmental impacts of
including flood control storage at the r £. "voLr will be addressed
in the next section.)
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P4.00 THE PROBABLE IMPACT OF THE PROPOSED ACTION ON THE ENVIRONMENT

4.01 General. The primary Impacts of the Selected Plan are:
(1) a decrease in flooding, (2) the removal of vegetatiou and open
space from along the Pawtuxet River, (3) Lhe channelizing of a ior-
tion of the Pawtuxe!: River, (4) the removal of homes and evacuation
of low-lying areas along the Norwood peninsula, and (5) tfn3
potential damage or destruction of vegetation and rultura1 resources
surrounding the Big River Reservoir. The possibility of an increas.:

in sediment_tion was considered, bu cause of the Scituate Dam,
the limited drainage basin and the numerous smaller dams throughout
the tributaries of the river, this Impact was forecast as minor

4.02 The impacts of decreased flooding are beneficial and
directly affect the human population. Implementation of the project
would alleviate flooding and reduce local property damage. The
dikes alone would increase flooding in Cranston, however, the flood
storage at the Big River Reservoir would eliminate these increased
flood stages with the net effect being no increased flooding. In
the area of the Warwick Industrial Park a meander in the river would
be channelized. The new channel would be located in an area cur-
rently open space and under State of Rhode Island's jurisdiction.
The area of the current channel would be filled in and would be
contiguous to industrial uses of the Warwick Industrial Park.
Future use and development in this area would refleci: local and
State decisions.

4.03 In order to construct the Warwick Avenue Local Protection
Project a large amount of vegetation adjacent to the river will have
to be removed for the construction of walls and dikes. These
structures will range in height an average of 10 to 18 feet and will
extend for a distance of just over one mile. For the homes and
businesses adjacent to the project there certainly will be a high
degree of visual impact. To those properties inside the dike, this
impact should be seen as a trade off to the flood protection that
the project will afford.

4.04 Impacts on the Human Environment. Land Use. The
proposed project would provide a moderate degree of flood protection
for much of the land downstream from the Flat River Reservoir along
the South Branch and the mainstem of the Pawtuxet River. Within the
standard project flood plain, approximately 750 acres are currently
vacant. There are about 475 acres zoned for industrial use, a minor
amount for commercial use, and about 250 acres for residential
use. (These land use figures are only applicable to zones 4-8 along
the mainstem.)

4.05 Economic Impacts. Direct economic impacts that would re-

sult from the reduction of flood damages have been considered by the
Corps in the benefit-cost analysis for the project. The indirect
economic impacts resulting from the project are discussed here.
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4.06 Present Corps estimatus show that approximatey 44 acres
of vacant land w'vuld become more desirible for industrial develop-
ment in and near the Warwick Indatstr-a ;Uark with ! ic(,d 1. rotection
since National Fload Insura-e Prograr (NFIP) restrictions would be
negated. In 1971 the Warwick Planning Department estimated that 44
acres of land in the industrial park, if protected from flooding,
would be worth double or triple its then market value of $2.4
million. This c -rresponds to a volue of more than $160,000 per
acre. The city e-timated that prctert-ion of the industrial park
would create 1780 additional jobs, generaui! t payroll increase of
$13.9 million annually.

4.07 A]- protected would be 5 acres of commercial land and
approximately -, acres of residential nl in the arca immediately
west of Warwic'c. Ave.:nue along the Pawtuyot.

4.08 Cra'- tor. Future de-,,el pmnt plans aq defscribd in the
Comprehensiv '.n or . by tbo cIt,' c ;r Planning
Department in i915 cphai 'e th, rres( r ',,. ion nl mai ntenance of
riverfront arc:.s for consc-- t -n and -reati--i- pirposes. A
relatively large *c-.-ercia 1 1 c- i ;ta, n the westernmost part of
the Lwtuxet soc: i. n that 'd b noc ,illv A. .eloped. The Ciba
Geigy Chemical Pirt -)Is most if a'- aw i_-Ile industrial land
in the easterninest portio- -f Parl, "--v. eavini l.,] other land
for development. The Howard Indust-'ial Park oc-upl.es most oF the
Pettaconsett's ffverfront, Out it hir ,xperiemcc, on. ' 14 -'Ited flrod
problems.

4.09 W st Warwick and Coventry. Although the proposed project
would provide prote.ction to the riverfrzint industrial and ,-'mmercial
developments along the Pawtuxct, it is doubtful that the project
would significantly affect economic growth in West W-rwick and
Coven rry.

4.10 Construction Impact. The regional economic impact of the
project, due to increased construction and associated local supplies
of material, would be nositive. Earnings from the project would
also positively affect the Local economy through the multiplier
effect of spending and investment. Short-term impacts during
construction periods will primarily be noise from heavy construction
equipment at the site and trucks moving to and from work areas. Air
quality should not be significantly affected.

4.11 Traffic and Related Impacts. The traffic impacts of the
project would be primarily short-term, resulting from the construc-
tion. Its impacts on noise and air quality are also discussed in
this section since they are closely related to the traffic impacts.

4.12 Assumptions were made for this statement about the

duration of constructicn and the most likely paths to be taken by
construction equipment.
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4.13 Since 10-wheel dump trucks generate a noise level of
approximately 90 dBA at a dL:tance of 50 feet, it is likely that
Federal highway noise standards f:,r residential areas (,10 - 70 dBA)
might be exceeded along Lhe truck route and adjacent to the building
site during much of the construction period. The L10 desIgnatfor
refers to the noise level that must not be exceeded more than 10
percent of the time.

4.14 W4rwick Avenue Area. The increase in truck traffic from
construction of the Warwick local protc-tion dike would not cauise a
congestion problem on the surrounding arterials (with the exception
of already congested Park Ave.), but it might cause a noticeable
increase i. ioise levels. Most of the surrounding roadways carr
more thai 0 trucks per hour during the peak hour. The Warwick-
project -oull add approximately 10 trucks per hour for the duration
of the consi:u,:tion.

4.L Al L:U. the lard use adjoining the -urr.)uoi:' , r; .
netw.ork 13 mi ,l, substantial residential areas as well as several
schools a-- 7 ,ent in the vicinity. Where standards are not now
exceeded, zhz. additional trucking dtiring o:struction could possibly
raise noise ieveis above F deral standarric along the access route,
The cor..esponding air quality decline would be insignificant.

4.16 Long-term increases in industrial park traffic and
related effects would probably occur as a result of the enihanced
development potential of the area.

4.17 Norwood Area. Construction activities associated with

evacuation of the area will be ongoing up until the time the Big
River Reservoir is complete. Approximately 40 to 50 homes will be
destroyed or relocated from low-lying areas on the peninsula. The
residents living adjacent to the proposed site and along the access
streets through the neighborhood would encounter some discomfort
during the evacuation period from the dust and noise of truck travel
and construction operations. These impacts, while of limited
duration, would be locally significant but careful consideration to
the use of local streets and thorough planning efforts should
minimize these concerns.

4.18 Social and Cultural Impacts. No social or cultural
resources such as churches or community facilities would be directly
affected by the proposed selected plan. However, the construction
and evacuation activities will most likely alter the character of
Norwood to some degree when homes and families are displaced.

4.19 Warwick Avenue Area. Once these areas are fully pro-

tected, it is possible that new employment opportunities could be
created by industrial development in the flood plain. An increase
in the supply of jobs could lower the area's unemployment rate
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and/or attract new residents to the vicinity. All of the munici-
palities in the study area show a projected growth rate and appear
to be preparing for future anticipated population increases by
extending utility systems, preserving land for open space, etc.

4.20 Social disruptions due to an influx of new residents are
unlikely to occur since the residential locations of the new workers
would undoubtedly be widely dispersed. The number of new jobs that
would be created as a result of the new development is relatively
small compared to the amount created by oth r recent or anticipated
employment generators in the study area such as the Warwick Mall and
the Howard Industrial Park.

4.21 Norwood Area. There are both positive and negative
social impacts that would result with the implementation of the
Norwood Land Bank. Presently, homes abutting the river or ones in
low-lying arear get flooded daring periods of heavy rain. In the
past ten years, on no fewer than four occasions 30 to 40 families
had to be evacuated from their homes by truck or boat. Like past
experiences, future floods would require that electric service to
the area be shut off until the water recedes. Thif potentially
creates a severe health and safety hazard. Basements and cellars
are all but useless, with boLlers and furnaces constantl~y needJig
repair or replacement, Residents who are vulnerable .f-)
become quite fearful. when heavy rains are forecast. Re]o'Ition of
these homes would releve the residents of such frequently o:c,' rring
hardships. The major negative social impact of this plan would be
the relocation of 40 to 50 families from their homes. In some cases
relocation of the present structure to another site could be accom-
plished. In other cases, though, the families would have to find
new homes in a different neighborhood. The stress associated with
loss of home could be significant in this neighborhood which is
characterized by a rather stable, blue-collar population. Removal
of structures would occur over several years, with completion
contingent on construction of the Big River Reservoir.

4.23 Impacts to Cultural or Archaeological Resources.
Coordination with the Rhode Island Historic Preservation Commission,
undertaken in 1976 indicated no effects upon significant cultural
resources as a result of the project for the Warwick Industrial Park
(Warwick Avenue Area).

4.24 The Big River Reservoir component does not appear to
affect significant cultural resources, beyond those which may be
impacted by construction and management of the water supply aspects
of the reservoir. Further studies of the reservoir will be under-
taken if Congress authorizes the project to proceed into more
advanced design stages. Coordination with the Rhode Island Historic
Preservation Commission will be maintained throughout the Big River
study.
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4.25 Impact on Recreation Resources. The proposed flood con-
trol measures will have little or no impact on existing recreational
resources within the project area. The proposed improvement would
prevent flooding in most of the lands within the impact area that
currently offer recreational amenities, however, this would not
increase the number of days that these lands would be available for
recreational use.

4.26 Other losses or gains are less definite. Commercial or
industrial development generated as a re:sult of increased flood
protection may pre-empt opportunities for the recreational use of
certain flood plain areas. This is evident especially in the area
of the proposed channelization works near the Pawtuxet Reservation.
In the absence of flood control measures, this land woxlld be best
suited for less intense uses such as recreation or conservation.

4.27 New recreation opportunities could possibly be created
with the construction of the project dikes. Bike paths or
pedestrian walkways could be designed if the residents of local
comimi nities expressed an interest in them. In certain areas the
dikes and walls would not directly abut the river, leaving the
existing flood plain open for possible passive recreation use.

4.28 The effect of flood control storage at Big River
Reservoir on recreation will be minimal. Only passive recreation
occurs in the area now. Very likely this trend would remain when
the reservoir is completed due to the water supply aspect.

4.29 Impacts on the Physical and Natural Environment.

Construction Impacts. The construction would cause some
adverse visual and physical impacts of both a temporary and
permanent nature. The presence of construction machinery, temporary
structures and fenced storage and stockpile areas will detract from
the project area.

4.30 In order to construct the walls and dikes, a substantial
amount of native and ornamental plant material will have to be
destroyed. At areas such as Geigy Chemical, the project will change
the character of the area by the removal of large trees adjacent to
the river. In the area near the Pawtuxet Reservation, the natural
appearance will be altered substantially when channelization work is
undertaken.

4.31 'Aesthetic Impacts. The primary aesthetic impact of the
proposed project would be the appearance of the flood control dikes
and walls and their obstruction of views.

4.32 Warwick Avenue Area. The local protection facility
proposed for the Warwick Industrial Park area involves more than
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6,500 linear feet of walls and dikes. In light of the present
industrial and commercial uses of the area, it is unlikely that the
project would detract significantly from the site. The land side of
the dike will be grassed and this should help in visually blending
into the park area.

4.33 From the Cranston side of the river, the project would
obstruct views of the industrial park. The aesthetic experience,
though, would not be enhanced since the concrete walls and rock
faced dike would be in sharp contrast to the natural riverbank and
lands of the Pawtuxet Reservation.

4.34 Norwood Area. The evacuation and construction activity
in this area will significantly impact the site. The most apparent
impact will be from trucks and heavy equipment. There will be
increased noise, dust, and traffic congestion. The visual quality
of the site will be lessened significantly during the years of
evacuation. Once all the homes have been moved, the area will be
regraded, seeded and left in a natural state. There is a
possibility of park development in this area, but this will be left
to the city of Warwick for consideration.

4.35 Big River Reservoir. There will be virtually no negative
visual impacts resulting from implementation of flood control
storage at the reservoir. Negative impacts may result if vegetation
dies as a result of long periods of inundation. At present there is
no way to calculate if and when such events will occur.
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5.00 PROBABLE ADVERSE ENV[RONMENTAL IM4PACTS THAT CANINOT BE AVOIDED

5.01 Following are some of the unavoidable adverse impacts
that might result from the proposed flood control project in the
Pawtuxet Basin. Short- and long-term impacts will be dealt with
separately.

5.02 Several major short-term impacts are associated with the
construction of the project. There would be increased traffic on
the surrounding roadways, primarily frnin trucks hauling material to
the construction site. While their number would not be too great
for the roads to handle, the large, slow moving trucks could be
expected to hamper traffic flow.

5.03 Noise and Air. The large trucks carrying materials could
be expected to increase noise levels adjacent to roadways in the
construction areas, adversely impacting on the comfort of residents.
The construction processes and grading operations at the construc-
tion sites would also increase noise levels and add dust to the air
in the immediate area.

5.04 There will. be an increase in the turbidity of the
Pawtuxet River as a result of the construction activities. This
would have a negative impact on aquatic life in the river. ThiL,
decrease in water quality would only be short-term and would improve
significantly onco construction was completed.

5.05 A large amount of plant material would be destroyed
during construction. This loss will be evident especially in the
industrial complex of Geigy where large hardwoods will have to be
cut down for the construction of concrete walls. The clearing of
vegetation will have both short-term and long-term impacts. Long-
term impacts will result with the removal of large, mature trees
since it will take many years for new trees to replace them.

5.06 There will be several other long-term impacts of the
proposed project. Approximately 40-50 homes will be removed from
the Norwood peninsula resulting in long-term social and economic
impacts for these familieis.

5.07 The straightening and filling of the river near the
Warwick Industrial Park will have long-term impacts to both aquatic
and terrestrial habitat and recreation opportunities. Approximately
three acres of riverbed will be filled in and five acres of the
Pawtuxet Reservation Conservation land will become part of the
industrial park. Also, riparian habitat will be lost throughout a
substantial length of the project, resulting in the demise of a
segment of small mammal and invertebrate populations associated with
this habitat. Where possible, a buffer zone of vegetation will be
left to serve as cover for birds and larger mammals.
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t 6.00 ALTERNATIVES TO THE PROPOSED ACTION

6.01 Formulating a Plan. Principal water resource problems
within the basin are the need for flood management measures, phased
development of public water supplies and water quality improvement
measures. Alternative solutions for satisfying flood control needs
are evaluated in this section. Water supply and water quality
improvement measures have been the subject of previous and ongoing
studies by the Rhode Island Water Resources Board'and the Rhode
Island Statewide Planning Program, respectively.

6.02 Key Steps in the Plan Formulation. In formulating a
well-balanced flood management plan for the Pawtuxet River Basin, a
series of basic formulation steps were used in the screening or
evaluation process to determine the best alternative plan. Figure
VI-I is a flow chart of the plan formulation screening process. The
following key steps were used:

6.03 Potential Measures. All possible regulatory and

corrective measures for meeting the flood protection needs of the
basin were identified and briefly appraised. A No Action Program
(one entailing no Corps of Engineers participation) was considered
throughout the plan formulation process. It assumes that all
communities would control growth within their flood plains, at least
to meet the minimum requirements of the ongoing National Flood
Insurance Program (NFIP). The NFIP provides a Federal subsidy to
private insurers so that flood-prone properties may 5e eligible for
flood insurance.

6.04 When a community enrolls in the emergency program, its
residents and business owners/operators become eligible for low cost
subsidized rates up to the amounts available in the table listed on
the next page. After completion of the flood insurance study, final
publication of the Flood Insurance Rate Maps and enactment of the
local flood plain zoning required under this program, the
municipality is enrolled in the regular program. In essence the
zoning requires that all new construction and substantial

improvements to existing structures in HUD identified flood-prone
areas be elevated or floodproofed to the level of the hundred-year
flood.

6.05 The regular program makes available a second layer of
insurance coverage, also listed on the next page. However, the
insuree must pay the so-called acturial rates. These have been
established by building types, zone classification, and relationship
of the structure to the 100-year flood level.
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6.06 In addition to the No-Action Plan, a number of regulatory
and corrective measures are timmirLzed on Table VI-I. Regulator-
measures discourage the use and *:2elopment of flood plains,
lessening the threat of flood da:m.':e and possible loss of life.
Corrective measures would includp hie physical construction of
structures such as reservoirs, walis and dikes, hurricane barriers
and stream improvements (channelizarion). Other activities woil'

include the flood proofing or relocation of homes,

6.07 Tnitial Screening. In this 3tep, all regulatory and
corrective measures as well as a No-Action Plan were evaltated with
engineering judgement and brief study for application in each of the
16 zones of the watershed (see Figure VI-2).

6.08 Each measure was judged on its own merits and those not
considered adequate, realistic o. practical engineering solutions
were eliminated along with those measures found to be socially or
environmentally unacceptable or economically unjustified. The No-
Action Program and all regulatory measures were determined to be
applicable to all 16 zones. Therefore, both programs were reserved
for further evaluation in subsequent steps.

6.09 Corrective Measures. Extensive land treatment measures
are not warranted as there are no major erosion problems within the

basin. Should erosion problems occur, assistance is available under
the existing authority of the Soil Conservation Service (SCS),
Department of Agriculture.

6.10 Reservoirs at numerous sites within the study area were
investigated. Most of the sites were found to be either too small
to provide economically justified protection or were not acceptable
because of engineering, social or environmental constraints.

6.11 Modification of Scituate Reservoir, presently used only
for water supply purposes, was found to be economically unjustified.
Although this reservoir has played a substantial role in reducing
flood stages and resultant damage in the past. It is managed ex-
clusively to optimize its water supply capabilities. To utilize
Scituate Reservoir for flood control purposes would require either
raising the existing structure an additional 10 feet or providing a
subimpoundment within the reservoir. The costs of either project
would far exceed the benefits to be derived by downstream commun-
ities from flood damage reduction.

6.12 Walls and Dikes can provide effective flood protection to
high risk flood-prone areas where numerous structures vulnerable to
high flood losses are located. Seven zones in the basin meet these
high risk conditions and wall and dike measures were retained for
further evaluation in these zones.
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6.13 R e-;,rvir _anag-ricit Programs #ntail lowering the levels
of existing reservoirs to Leduc peak flood dischargeF With the
exception of Scituate and Fiat River Reservoirs, further investiga-
tion of the smaller reservirs in the basin was deemed impractical
because of the limited storage capacities involved.

6.14 W,.,rican, Barri. ,rs to eliminate tidal flooding un6er
storm conditions we:e considered for both the entrance to Pawtuxet
Cove anI th .2,:ad o: the cove where the -iver discharges. Excessive
costs -vid :. ' U J a environmeur impacts eliminated theE_.
pro e', .r t .n :urtur 1nve,,tigatin.

6.t5 A harrier at th.. river mouth would involve the total
reconsr!iti n ,)f P-iwluxet Dam, huge pumping facilities, river
wideuix.g, re )cation ot rnmu rous industrial cnmmercial and some
resida.ita :rtturts and modifiction of six bridges and several
Local r' ads -ih, sn -osts "-.Li far exceed benefits.

6.16 Stream T iprve. .is to correct long neglected channel
condi ions whrh hav cans an alarming d-terioration of the
h-drautiic eU, Iqncv of so of the basii's major streams were
consi'- , for t.he L liowi g major elements:

1. Removal of iams, 11-rticularly those small dams within tlie
basin iriginally inended or power generation and nov neglected and
obsolete, proved to he ecoicomically infeasible.

2 Diversion ;.j flnO~ flows to bypass heavy damage zoc.-s were
considg:-"ed. -ntrabai-s-.fms wtre evaluated 3rd none scem,-xe
viabl,-. An ir-, r b a i;in schtme diverting floodw.ters to Apponaug Co-o
ha,; been retai.ied f,,c furr r evaluation.

3. Chaniel modificatinn to improve streamflow by either
channel widening, dcepenini: or realignment proved to be economically
or hyd-aulically imp.ract i'r-o.

6.17 Flood Proof i.g and Relocation was found to warrant
further evaluation i: all 7ones except 1, 2, 3, 4A, and 7A, where
the fl,-od problems %:re de, ermlned to be minimal.

6.18 Conclusions. A high percentage of the corrective
meaiur'.s proposed in the T tential measures available section failed
to meft the minimum accep .ble plan requirements in the preliminary
:creening process and were therefore eliminated. Twenty-three
?ossible solutions wire de ned worthy of more detailed analyr'is. As
previously noted, all regu atory measures as well as the No-Action
Plan have been retained fo further analysis.
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TABLE V-1

POTFNTIAL MEASURES

NO ACTION PROGRAM
(See Text for Definition)

REGULATORY MEASURES

1. National Flood Insurance Program

Z. Flood Plain Regulations
a. Encroachment Lines
b. Zoning
c. Subdivision Regulations

3. Land Use Programs

4. Other Regulatory Measures
a. Building Codes
b. Urban Redevelopment
c. Tax Adjustments
d. Warning Signs
e. Health and Fire Regulations
f. Cleanup Campaign
g. Flood Forecasting

CORRECTIVE MEASURES

1. Land Treatment Measures

2. Reservoirs

3. Walls and Dikes

4. Reservoir Management Programs

5. Hurricane Barriers

6. Stream Improvements
a. Channel Modification
b. Modification or Removal of Dams
c. Diversion of Flood Flows

7. Floodproofing or Relocation
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TABLE VI-2

INITIAL SCREENING

POTENTIAL MEASURES
I 1A 2 2A 3 4 4A

(2A-1-2Z,

NO ACTION PROGRAM E E E E E E E

REGULATORY MEASURES (ALL) E E E E E E E

CORRECTIVE MEASURES

Land Treatment Measures 5 E 5 5 4 4

Reservoirs 1 5 E 5 1,2, 3 1,2,& 1

Walls & Dikes 5 1 5 1 5 E I

Reservoir Management Program E 4 E 4 4 5 4

Hurricane Barriers 6 6 6 6 6 6 6

Stream Improvements

Removal of Dams 4 4 4 5 2 4

Diversion of Flood Flows 4 1 4 1 2 E 1, 2

Channel Modification 5 5 5 5 1, 3 1, 3

Flood Proofing or Relocation 5 E 5 E 5 E 5

CRITERIA APPLIED DURING SCREENING DAMAGE ZONES

1. Economically Infeasible .North Pranch ----------- 1A

2. Engineeringly Impractical South Branch ---------- 2-2A

3. Socially Unacceptable Main Stem ------------ 3-8

4. adequate Solution Meshanticut Prook ---- 4A-4P

5. ,No Major Needs or Problems Pocasset River ------- 6A-6P

6. Not Applicable Roger Williams Brook 7A-7R



-ING

ZONES

4 4A 4B FA ' 7 7A 7P 8

E E E E E E E E E E E

E E E E E E E E E E E

4 4 4 4 4 4 4 5 5 4

,2, I 1 1,2,3 1,. 2 1 1 1,2,3 5 2 1,2, 3

E 1 1 E E I E E 3 E E

4 4 4 4 1 4 4 1, 3 4 2

6 6 6 1,2,? 1,2, 3 6 1,2,3 1,2, 3 6 1.2,3 1.2.3

2 4 6 -t 3,4 3,4 6 4

E 1,2 1,4 2 2 1 1 2 1,4 2 2

1,3 1, 3 1. 3 1 1 1, 3 1,3 1, 3 1, 3 1. 3

E 5 E E E E E E E E

LEGEND

I -IA [F 1 tFurther Fvaluation Warranted

2-2A
3-8

4A-4P Further Evaluation Unwarranted

6A-6p.L
- 7A-7B

/,



6.19 intermediate Sreening. Those measures which passed the
preliminary screening were further analyzed to see if they could
provide an adequate degree of protection in major damage areas while
meeting the established criteria.

6.20 The first element of this evaluation process consisted of
a nonstructural program of regulatory and corrective measures that
were analyzed in depth in accordance with the desiles of local
citizens. A structural program wa i then evaluated and future action
measures we'.- considered.

6.21 Corrective Nonstructural Program. Flood proofing, a
major component of this program, involves techniques to make
existing buildings and their contents less vulnerable to flood
damages. To determine the viability of flood proofing in zones 3-8,
costs were developed for all structures for both 100-year and
Standard Project Flood, about 616 existing structures--33 percent of
those located in the SPF area--would require relocation. Eighty-
three of the structures requiring relocation are commercial or
industrial, with about 5,700 employees. At the 100-year flood
level, approximately 26 structures would have to be relocated, of
which 14 are commercial or industrial firms employing about 2,500
people.

6.22 Cost figures indicate that flood proofing alone, without
other flood protection measures in combination, would not meet the
benefit-cost criterion and would be economically prohibitive and
socially and environmentally undesirable.

6.23 In other zones, preliminary evaluation indicated that the
costs of flood proofing alone would far exceed benefits.

6.24 Therefore, flood proofing as an independently used
measure was rejected as not satisfying benefit-cost criteria. It
has been retained, however, for further consideration in combination
with other measures.

6.25 Structural Program. Two types of structural flood
management programs were considered to protect heavily urbanized
areas in the flood plain along the lower end of the main stem.

6.26 Two systems of dikes, walls, and channel modification
were evaluated, one to protect against the Standard Project Flood,
the other against the lower level of the 100-year flood. These are
designated, respectively, as Alternative Plans A and A-I.

6.27 Alternative A would require 13 individual local protec-
tion projects in three communities at a 1978 cost of $60 million.
This scheme provides protection only to individual units or small
groups. The costs for lands and damages and interior drainage
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facilities were excluded. if included, te tc' c'" cK this
alternative could double. Analysis Tho,'cd that th. r, a. a total
unit would not be economically justified although two local
projects--Warwick and Bulova--warranted further investigation.

6.28 Alternative A-I entailed the same projects but at a lower
level of flood protection. Once again, the total plan did not meet
benefit-cost criteria, but the local projects at Warwick and Bulova
were economically justified. Alternate A-I would cost a total of
$30 million dolla--s in 1978, excluding land: md damages and
interior drainage acilities.

6.29 Both Alternative A and A-i were rejected, but the two

el -nomically justified local projects were retained for further
evaluation.

6.? Tivo ilt- rnatc dive-rsicns of flo ,wntz: t., were also
evaluated.

I. The Pontiac Diversion project considered four different
alignments, but eatv' proved to be unjustitied because of social,
economic or environmental constrai"ts.

2. The Natick Diversion, with its intake 10,000 feet farther
upstream to a point just below the Natick Dam, was the othcr
alternative considered, It was found to provide a high c gree of
protection to exi 3ting and future downstream development at. a lower
cost and wa:i economically justified. Therefore, this diversion has
been reser-vd for further evaluation.

6.31 Future Action. Three future action programs to be
implemented by local interests could strengthen the flood management
progrii tor the Pawtuxet River Basin: reservoir construction,
reservoir management and land treatment measures.

1. Construction of the Big River Reservoir as a potential
wa-,r supply for metropolitan Providence could provide significant
downstream flood protection at minimum cost by increasing the height
of the proposed dam by about 2.5 feet. This would give additional
flood control storage equivalent to about six inches of runoff over
a drainage area of about 30 square miles.

2. Management of the Scituate and Big River Reservoirs in
conjunction with each other presents an opportunty to optimize the
operations of both reservoirs so that each could provide floodwater
storage capability without jeopardizing its principal purpose, water
supply.
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3. Erosion control measures should be instituted by local
interests during corstruction of the Big River Reservoir In
coordination with programs of the Soil Conservation Sc tice.

6.32 Conclusions. Although nonstructural f.ood proofing was
found to be eccnomically infeasible as a single action program, it
was retained for further consideration as a supplement to the Natick
Diversion and the Bulova and Warwick local protection projects,
which warranted further consideration. Reservoir construction,
reservoir management and erosion contr- ' during reservoir con-
struction were retained as future action programs for each
alternative selected for inclusion in the system of accounts. 7,e
No-Action and regulatory measures programs were also retained for
further evaluition, as supplements to spccific corrective mensuires.

6.33 Combination of Alternative Measures. A number of
alternativc flood management plans were evaluated consi,tng of
various combinations of previously discussed single action measures,
in addition to the consideration of a No-Action Plan based on the
availability of the National Flood Insurance Program. Table VI-2
summarizes these alternative plans.

6..34 From previous analysis it was apparent that only the main
stem zones 4-8 would be the subject of any further detailed studies
for any corrective measures, other than a potential reservoir site
at Big River. There were no single action corrective mcasures that
passed the intermediate level of screening for the many tributary
streams, other than that previously mentioned. The remainder of the
planning process dealt with the derivation of detailed costs,
benefits, environmental studies and evaluation of various flood
control systems combining corrective, corrective non-structural and
regulatory measures.

6.35 Alternative A. This alternative would consist of the
Natick Diversion, with a 30-foot diameter tunnel. With Natick
Diversion as the only structural component, substantial flood loss
reductions would be realized in the main stem zones and in the
tributary zones affected by backwater conditions. Residual losses
along the main stem would be reduced by this scheme to an average
annual loss slightly more than $800,000.

6.36 Implementation of the 30' diversion reduces the number of
ownerships affected by a 100-year flood event from 471 to 266, and
for an SPF event from 1,856 to 959. In addition, the diversion also
provides a substantial reduction in water depths in the 266 owner-
ships still subject to residual flooding by a 100-year flood event.
A component of this alternative would be the future action elements
consisting of flood control storage at Big River Reservoir and the
regulation/management of Scituate Reservoir. When combined with the
30' diameter Natick Diversion to act as a system the proposal would
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be economically justified due to the low, scpar ;bii- . Sts of t>e

flood control elem:!nt, The additional -.et henlcts ,ong the South
Branch and the main stem would result in a system o._ 1'/C ratios of

about 1.1 to 1. The additional flood stage reduction at events

ranging from about a 100-year event down to the comricn yearly type
flood would remain the same as the diversion is capable of

discharging the floodwaters. However, at everrs rarer than tko or

percent flood stage reduction of one half a foot up to one foo! i!

possible depending upon the zone anid the flood event.

6.37 Alternative B. This alternative would consist of Natick

Diversion with a 30' diameter tunnel and the Warwick Avenue and
7imnwood Avenue local protection projects. From the various local
protection measures evaluated as single action measures a plan
evolved that would provide local protection measures for extreme

northeastern Warwick, extending from the lower limits of Zone 6 and

including all damaged portions of Zones 7 and 8. A series cf dikes,
floodwalls and other structures would provide full protection, to
SPF event as modified by Natick Diversion, to the residential-

commercial area in the vicinity of Elnood Avenue (U.S. 10 and the
Warwick Industrial Park and adjacent residential-commercial area in

the vicinity of Warwick Avenue (RI 1170).

6.38 Provision of the Natick Diversion and the Elmwood Avenue-

Warwick Avenue protective measures would reduce average annual

losses in the lower basin to approximately $235,000 with the 30-foot
diameter tunnel project. With the 30-foot diameter diversion tunnel
and the Warwick protective measures, most of the residual losses

would occur within the Cranston portions of Zones 4B, 6, 7, and 8,

but no protective measures for these Cranston areas proved to be
economically justified. The remaining losses in Warwick Zones 4, 5,

and 6 and the West Warwick portion of Zone 4 would be minimal
fo.Aowing reductions by the Natick Diversion.

i.39 Local protection measures for the Bulova Watch Company

industrial complex in Zone 5, which had been determined to be
marginally justified as a single action measure were reconsidered in
combination with the Natick Diversion. With the 30-foot diameter
diversion tunnel, flood stages would be substantially reduced so

that flood damages at the Bulova complex would be minimal. At the
100-year flood level only the lower floor of the main office

building would be subject to flooding. Under such conditions, the
use of sandbags at the building entrances and adequate interior
pumping facilities could eliminate interior flood losses.
Therefore, it was determined that local protection measures acting
in conjunction with Natick Diversion would not be economically

justified at the Bulova industrial complex.

6.40 To summarize, only three structural measures were found

to be economically justified when acting as a unit: the Natick
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TABLE VI-3

OWNERSHIPS SUBJECT TO FLOODING
FOLLOWING PROVISION OF 30' DIAMETER

NATICK DIVERSION
(Zones 4-8)

100-year flood Standard Project Flood

Community/ Natural Following Natural Following

Category Conditions Diversion Conditions Diversion

Warwick
Commercial 21 9 44 29
Industrial 14 8 19 16
Residential 151 109 569 194
Public 2 1 2 2
Schools 0 0 1 1
Others 3 0 3 3

Sub-total 191 127 638 245

Cranston
Commercial 11 10 27 17
Industrial 6 4 16 7
Residential 1 354 207 1,083 613

Public 3 3 8 6
Schools 2 2 2 2
Others 2 1 5 4

Sub-total 378 227 1,141 649

West Warwick
Commercial 8 1 11 10
Industrial 4 1 5 4
Residential 41 2 53 48
Public 1 1 1 1

Schools 1 0 3 1
Others 1 0 3 1

Sub-total 56 5 76 65

Totals 625 359 1,855 959

Figures for backwater flooding on the Pocasset River and Meshanticut

Brook from the Pawtuxet River are included. These figures were based

upon preliminary hydrologic evaluations. Recently available data
indicates that the affective residences would be significantly less,
resulting in a much lower degree of reduction.



Diversion and local protection measures for the Elrriood Avenue-
Warwick Avenue area of Warwick (Warwick Local Prot(:,(4on).

6.41 As summarized in Table VI-3, implementation of Alternate
B (Natick Diversion with 30-foot diameter tunnel and Warwick Loca!
Protection) would reduce the number of ownerships affected by thc
100-year flood level from 471 to 148.

6.42 Another component of this Iternative would be the f .
action elements consisting of flood cot.rol ,;torago at Big River
Reseivoir and the regulation/management (f Scituate Reservoir. 7en
combined wi-h the above system, a benefit to cost ratio of sJiht'
above unity would be realized.

6.43 Alternative C. This alternative would consist of Natick
Diversion with a 21' diameter tunnel and the Warwick Avenue-Elmwood
Avenue local protection projects. The series of dikes, floodwalls
and other structures are the same as above. However, the walls and
dikes are several feet higher than those considered in Alternative
B. Both local protection projects were justified as single action
measures in the intermediate level of detail and combined in a plan
above.

6.44 Provision of the Natick Diversion and the Elmwood Avenue-
Warwick Avenue protective measures would reduce average annual
losses in the lower basin to approximately $522,000 with the 21-foot
diameter tunnel project. With the 30-foot diameter diversion tunnel
and the Warwick protective measures, most of the residual. losses
would occur within the Cranston portions of Zones 4B, 6, 7, and 8,
but no protective measures for these Cranston areas proved to be
economically justified. The remaining losses in Warwick Zones 4, 5,
and 6 and the West Warwick portion of Zone 4 would be minimal
following reductions by the Natick Diversion.

6.45 Local protection measures for the Bulova Watch Company
industrial complex in Zone 5, which had been determined to be
marginally justified as a single action measure in this intermediate
screening were reconsidered in combinations with the Natick Diver-
sion. With the 21-foot tunnel as with the 30-foot diameter diver-
sion tunnel, flood stages would be substantially reduced so that
flood damages at the Bulova complex would be minimal. Therefore, it
was determined that local protection measures acting in conjunction
with Natick Diversion would not be economically justified at the
Bulova industrial complex.

6.46 Another component of this alternative would be the future

action elements consisting of flood control storage at Big River
Reservoir and the regulation/management of Scituate Reservoir. When
combined with the above system, a benefit to cost of ratio slightly
above unity would be realized.
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6.47 Alternative D. This alternative would cc'nsist of the
same two local protection projects discussed previously - the
Warwick Avenue Local Protection and the Elmwood Local Protection
Projects.

6.48 The protective measures evaluated for the combined
Elmwood Avenue-Warwick Avenue area would protect the same area of
Warwick (Zones 7, 8, and part of Zone 6) as considered In the inter-
mediate screening- level. However, the project was evaluated in
greater economic and engineering data. Protection of this Warwick
area to the SPF level was determined to be economically justified.
The Warwick local protection project would provide a benefit of
about $1,450,000. While the local protection project for compar-
ative purposes would protect 150 ownerships that are subject to
flooding at the 100-year flood level, it is standard practice to
design Corps local protection projects to the SPF level to avoid the
false sense of security that could result from lower levels of
protection. Therefore, the Warwick local protection project would
protect 450 ownerships: 9 industrial, 21 commercial and 420
residential.

6.49 The estimated costs for the projects, evaluated as a
system were $1,131,000 on an annual basis. The overall systems
benefit to cost ratio is 1.28 to 1.0 excluding the area
redevelopment benefits.

6.50 Another component of this alternative would be the future
action elements consisting of flood control storage at Big River
Reservoir and the regulation/management of Scituate Reservoir. As
an element of this system, the project would have a benefit to cost
ratio in excess of 1.15 to 1.0.

6.51 Alternative F. This alternative consists of the addition
of flood control storage at the proposed Big River Water Supply
Reservoir. The project would be built by non-Federal interests.
The plan would also consist of a management/regulation of both
Scituate and Big River to help reduce flood stages by allowing some
flood water storage at Scituate without losing any water supply
potential. As Big River would be designed for flood control,
management of this reservoir is less critical.

6.52 Benefits for the flood control increment at Big River are
realized in all downstream zones from the confluence of Big River
and the South Branch down to and including Zone 8. The total annual
benefits for all zones combined amounts to be about $620,000
excluding any growth. Figures VT-3 and VI-4 show the flooded areas
at the 100-year flood and standard project flood. The profiles
accompanying these plates show the reductions that can be expected
with flood control storage at the Big River Reservoir.
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.53 The project, as mentioned previously, is not: justified as
a s ngle porpose flood control dam but when considered as a
component of the rijor w iter ,k .,y purpose is justified for flood
control when cost-ililocated. oh1 overall B/C ratio is about 1.4 to
1.0

6.54 AIternative F. This alternative would consist of the No-
Action program--one that local interests would implement in the
absence ot a corrective Federal assisrance program. It is assumed
that b cal interests would institute , program for controllIng
growt*. w ri n the 100-year flood plains, at least the minimum zoning
contro's rtpiired for eligibility In the National Flood Insurance
Program. The plan would be equally applicable to both maii stem
zones and all major tributary streams.

6.55 As thi.s alternative would exclude the consd -ration of
structural components, reduction in flood stages f:,r _ Liviatirg
damages in f.Uod-poae a-eas would be unattainable. Some intensif-
ication of flood problcnri could be expected in varying degrees
because of continuing vr-anization within the basin with the
program. if the No-Actioa pro.,:am is not implementIed as a minimum
program, flo'd probleanf; are cxp-.,'-ed to magnify ovcer the years.

6.56 This alt!!rnative ii-Itdes the only mea-v., 'able for
compensating losses due to flooding, through muni" :, al and indi-
vidual partiecipation in the National Flood Tnsuravre Progr-am.
However, flood losses would be only partially covered an there are
no extsting provisions for compensating policy holders for non-
physical losses, such as expenses for lodglng during dwelling
rehabilitation or loss of income or profit while a commercial of-
manufacturing firm is temporariiy closed. In addition, the
uninsured would receive no monetary compensation; such a condition
could result if all municipalities do not participate in the
National Flood Insurance Program. Without strict adherence to the
provisions of the National Flood Insurance Program, which includes
the requirement that flood plain zoning to the 100-year event be
instituted, future flood losses along the main stem alone would far
exceed $5,000,000 annually, including new development that could be
expected during the next 25 years at a conservative growth rate.
These estimated losses to potential growth development within the
flood plains, in excess of $2,000,000 annually, are based on
analysis and projecti-.us of past development trends in the flood
plains.

6.57 Alternative G. This alternative consisted of the 21 foot
diameter Natick Diversion tunnel and the Warwick Avenue local
protection. This alternative is the same as Alternative C except
that the Elmwood Avenue local protection has been dropped from
consideration. With our protection scheme, the estimated costs are
$4,000,000. The total benefits or damages prevented are equal to
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$4,300,000, resulting in the benefit to cost ratio of 1.08 to 1.0.
Because this system has the overall highest benefit to cost ratio it

is designated as the National Economic Development (NED) plan.

6.58 A late stage public meeting was held in Warwick on

October 14, 1976. At that time the Corps recommended plan was
Alternative B. There was a definite lack of support for this plan
primarily for Lwo reasons. Many local people thought that the cost
was too high and that there were too many unanswered questions
concerning the evvironmental effects of di-.rting flood waters into
Apponaug Cove and Narragansett Bay. Since tdere was support that

something should be done, further studies were then conducted to
come up with a publically acceptable plan.

6.59 kbout this same time it became evident that the State of
Rhode Island was interested in the Corps of Engineers as the
planner-desl ner of the Big River project, and if justified and
environmentally acceptable, construct the complex. This necessi-
tated a more accurate hydrological determination as to effects
downstream created by the Big River Reservoir impoundment. Although

final answers were not available, and in order to expedite as much
as possible the already delayed project report, a final stage public
meeting was held on May 19, 1977.

6.60 A new plan, Alternative H, was presented at the meeting.

It consisted of local protection projects at Elmwood Avenue and
Warwick Avenue. \nother component of this plan consisted of
implementin, flood control storage at the Big River Reservoir, which
would be z(,astructed by the Corps. Since detailed river stage
reductions afforded by Big River were not yet available it was not

known what the exact heights of the local protection projects would
be. The public was informed that the Corps would continue to study

this Doint.

6.61 After thorough investigation it was learned that the
Elmwood Avenue project would need to be raised by one to two feet

higher than originally planned in conjunction with Big River. In
order to raise and stabilize the dike at Elmwood Avenue a 20-foot
W4 de berm would be necessary. This modification greatly increased
the cost of the project and resulted in its not being economically

justified. Even though the area is warranted some form of protec-
tion, a local protection project would far exceed the costs even
with potential environmental. (social) tradeoffs. Thus, any further
consideration for a local protection project for the Elmwood Avenue

area based on updated costs cannot be considered.

6.62 The second plan evolving from the reformulation, Alter-
nartve I, consists of the multi-use Big River Reservoir, the Warwick
\;enue local protection and a proposal, called the Norwood Land
Bank, whereby the most flood-prone homes in the Elmwood Avenue area
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would be purchased by Federal Int rests. The same non-structura
alternatives as considered with all the previous plans would alsr, be
applicable to this scheme. The elevations of the Warwick Avenue
protection would be the same as that considered under the previous
alternative. The difference is that the consideration for a local
protection project for Eluwood Avenue has been replaced by a
proposal for outright purchase of 33 homes. As also with the
previous alternative, Big River would be planned, designed and if
economically and environmentally justified built by the Corps of
Engineers.

6.63 The benefits attributed to the Warwick Avenue local
protection and Big River Reservoir are the same as has been
calculated under the previous alternatives. The benefits for the
Norwood Land Bank consist of determining the annual residual losses
to the affected homes after modification from Big River Reservoir.
The annual damages are then converted to a present worth value using
a fifty year life and the prevailing interest rate of 6 and 5/8
percent. The benefits are only considered for events up to a .5
percent natural event, approximately equal to a one percent event
after modification by Big River Reservoir's flood storage. The
total systems benefits are equal to $2,058,000 as shown below.

Benefits to Big River $ 725,000

Benefits to Warwick Avenue $,I-3.nn0
Benefits to Norwood Land Bank $ 160 90

The total annual cost for the protection system ir. $1,'K.,000.
Thus, the total benefit to cost ratio is 1.56 to 1.0.

6.64 Alternative J. Current regulations and review require-

ments necessitate the presentation of a non-structural plan among
the final alternative plans. Non-structural measures include flood
proofing, relocation, and regulatory measures to minimize flood
loss. As regulatory and future action measures are included in
other alternatives, flood proofing and relocation will be addressed
alone for this alternative.

6.65 Flood proofing consists of those adjustments to struc-

tures which are designed or adopted primarily to reduce visiting
flood damages. These adjustments usually consist of barriers on
windows and doors; a w;itertight membrane surrounding Interior walls,
and interior drainage control. A number of other flood proofing
schemes are also possible. Relocation would be required when the
potential flood waters exieed the limits of the flood proofing.

6.66 The governing regulation for determining benefits on non-
structural measures for relocations is contained in ER 1105-2-353.
Most of the traditional type annual damages cannot be claimed as a
benefit if either relocation or evacuation is planned. The only
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allowable means for claiming benefits consists of determining the
net income earned by activities occupying the flood plain with the
project plus that portion of the flood damages reduced by the
project which is not borne by the non-flood plain occupants.
Structures sitch as Ciba-Geigy, the Warwick Mall, the Warwick
Industrial Park, Bulova, the Pontiac Print Works Building and the
Jefferson Av ue Industrial Park cannot realistically be either
flood proofe . or relocated. Most of t'hese buildings are slabs on
grade type ot c:onstruction with concrett block wall construction and
extensive us of glass froats/windows. With the heights of water to
1e encounter 'I the block walls and/or glass cannot be flood proofed
necessLrt-tri- relocation according to the intent of the regulations.
At the Ciha- €,igy complex an additional fallacy of the flood proofed
requirements is evident. Many of the first floods, as well as
subfloors are inundated for the complex housing about twenty plus

major structures. Most range in size between six to ten stories.
They pr.sently need expans!on for increased production. However,
they do not have any available land to expand upon. If they would
be forr ed to eliminate usape of the flood damaged floors, they could
concei-,ably r'ove elsewhere,, This would cost the local community
roughly 1000 jobs. The same can be said of some of the above
areas. it addition to the loss of jobs created by the flood plain
evicu-Vion, a large increase in taxes would be necessary to offset
tae nc. vacant lands.

6.67 The firms and areas mentioned in the preceding paragraphs
constitite over 90 percent of the existing flood damages.
Summariing, it is not logical nor practical, nor economically
feasible to flood proof or relocate these elements. However, in
compliance with cdrrent requirements the non-structural plan is
inclided in the Systems of Accounts (detailed analysis can be found
In the Main Report and Technical Appendices). As is evident, the
pliAa falls far short of the required benefit to cost criteria
necessary for project implementation. Thus, consideration of this
measure cannot be recommended for Federal involvement.

6.68 Diiplay of Alternative Plan Effects - System of Accounts.
rhs is a graphical presentation of the alternatives selected in the
previoais step. it provides a technique to reflect the adverse and
benefi lal effects of each alternative so that these effects can be

reidll: discerned and tra6soffs between alternative plans
comparod. It analyzes thf alternatives by geographic region for
their resultalit effects on National Economic Development (NED),
' nvtronmental Quality (EQ), Social Well-Being (SWB) and Regional
Development (RD).

6.i9 A detailed description of this step can he found in
Append!% 2 of the Technical Appendices to the Main Report.
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t6.70 Selection of ?-he Best Alternative Plan. Ten alternat>-e
plans were developed, be- hecaus of the duration of the plan fo:mu-
lation and screening processes several plans either lack the re-
quired economic justification or were not acceptable to local
interests. Those alternatives that included the Natick Diversion
(A, B, C, & G) were not acceptable because of possible adverse
impacts to Apponaug Cove. Alternatives D and H included a loca!
protection project at Elmwood Avenue (Norwood). Atter detailed
analysis it was determined that the latter project was not viable
from a benefit-cost point of view.

6.71 The plan that provides the largest net NED benefits -o
the largest portion of the watershed is Plan G consisting of a 21-
foot dianeter Natick Diversion tunnel and the Warwick Avenue local
protection project. Also considered would be the non-structural
elements such as participation in the National Flood insurance
Program, the future action program, and the addition of 6" of flood
control storage onto the Big River Water Supply reservoir to be
built by non-Federal interests. As such this plan is called the NED
plan and provides the highest degree of protection at the least cost
to the largest area. The previously recommended NED plan (Octobe!
1976) was Alternative B.

6.72 Environmental impacts vary according to '. tivcs.
Once again, Alternatives A, B, C, & G had potentl,7 ui,'! impacts
to Apponaug Cove, and were unacceptable to 1 xc-al pto: o. Adverse
impacts for environmental quality would occur during r e oonstruc-
tion phases for any of the strucrtral plans presented ?ihe system
of accounts (Appendix 2 of the Technlcal Appendicer to the Main
Report). Of all the alternative plans, Aftnr-atlve i is the 0-
that is the least disruptive to the environment and as such is the
EQ (Environmental Quality) plan. (Plan J, the non-structural plan,
is not a viable alternative).

6.73 All displayed structural alternatives have positive
impacts under the Social Well-Being account. The impacts are the
most favorable for Alternative B (30-foot diameter diversion tunnel
and the two Warwick local protection projects. They afford the
highest security possible against flooding). The major significant
negative impact would apply to Alternative B, D, H, I and J where
significant relocations would be required. Alternative B would
require seven relocations, D-6, l-approximately 10, I about 40, and
J about 40-54. Although Plan D is no longer feasible because of the
subsequent foundations investigations and limited reduced heights
due to the Big River Reservoir complex. The homes to be relocated
under Plan I are those that have been or are subject to major
flooding potential in the Norwood peninsula area. All plans
considering the NatLck Diversion will require the taking of one home
at the intake structure.
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6.74 Although construction in an urban area is normally a neg-
ative social impact, analysis by this office in the impacted area
did not prove this to be true. The people and establishments adja-
cent to the proposed walls and dikes are subject to constant flood-
ing and hardships. They generally view the construction activities,
i.e., the increased noise, traffic etc,. as a short term loss, and
in exchange they are gaining a lifetime protection against the flood
threats which have constantly interfered with their normal opera-
t ions.

6.75 Under the Regional Development account, all structucl
measures would have positive impacts. Construction activities would
produce many new jobs and increase spending in the area. The
industrial and commercial establishments along the river would be
afforded a high, if not complete, degree of protection against
flooding, and T hat could induce them to expand their operations. As
they expand, more permanent type jobs would be rreated. All )f the
anticipated land growto or urban factors would conform with the
proposed land use and zoning criteria currently available from the
impacted imnicipalities.

6.76 Of the ten alternative plans the one that best provides
the needed flood protection and is responsible to local demands is
Alternative I. It is also the plan that is least disruptive to the
natural environment, and as such is designated as the EQ plan.
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t 7.00 THE RELATIONSHIPS BETWEEN LOCAL USES OF MAN'S ENVIRONMEN'.
AND THE MINTENANCE AND ENHANCEMENT OF PRODUCTIVITY

7.01 The flood protection afforded by the project will

significantly reduce potential flood damages to existing structures
located along the river. This is an immediate short-term
enhancement.

7.02 The long-term productivity C the project area will be
affected by the proposed plan. The loss of riparian habitat will
reduce the long-term productivity of wildlife along the river. New
development in flood protected areas will also have an effect on
productivity. This development should be regulated at a local level
so that it conforms to comprehensive land use plans. Furthermore,
this development should be environmentally sound. Economic
development versus conservation and recreational land use is an
issue which should be determined at the local level.

7.03 The Pawtuxet River is one of the most important environ-

mental resources in central Rhode Island. For many years it has
been polluted and largely neglected. However, in recent years,
projects for the control of pollution and the treatment of effluents
have improved the Pawtuxet's water quality. The continuation IF

these projects will make the river a valuable environmental resource

for recreation, fish and wildlife and aesthetic enjoyment.
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8.00 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES

8.01 Implementation of the proposed project would result in
the irreversible and irretrievable commitment of various resources
in the region. Concrete, rock and earth fill would comprise the
bulk of material resources that would be needed to construct the
project. Earth fill and concrete are available in sufficient
quantities and would not become scarce because of the project. Rock
would have to be obtained from quarries in the region.

8.02 The loss of approximately 20 acres of riparian habitar
will be cleared for the walls and dikes, which would be an
irreversible commitment of one land use to another. Furthermore,
the loss of conservation land in the Pawtuxet Resevation resultirg
from channolization would now be land that could be committed to
another use as determined by local authorities. A net loss of
approximarely 24,000 square feet of stream I; ;btat and 1200 feet of
potential streambank acce-s would also result: from channelizing tic
river.
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9.00 COORDINATION

9.01 The Governor of Rhode Island designated rhe Rhode Island
Water Resources Board as the official State liaison for the Pawtuxet
River Study. Primary coordination with Rhode Island State and local
interests were made through that office.

9.02 Direct contact has been made with the. State Historic
Preservation Officer and his staff. Site reconnaissance
archaeological surveys, including crt underwater survey of the 'loor
of Apponniig Cove, were made.

9.03 To afford citizens, municipal and State officials c,.'d
representives of other Federal agencies an opportunity to presn.:
their views and desires concerning the need and extent of floo..'

reduction measures and other interrelated water-oriented resourc'es,
four pubic hearings were held at the initiation of the study on 9,
12, [5, and 22 May 1959. Though these four pubh1I' hearings we-
intended to cover the entire Pawcatuck River and Narragansett Bay
Drainage Basin (PNB) study area, as mandated by seven Cougressional
Resolutions, two of these hearings were held in Providence and
Kingston, Rhode Island--two areas contiguous to the Pawtuxet River
Basin.

9.04 All interested parties were invited to be present or

represented at these hearings, including representatives of Federal,
State, county and municipal agencies/and those c7,morciaJ., indus-
trial, civic, highway, railroad, water transportation and flood
control interests and concerned property owners. The- were afforded
full opportunity to express their views concerning the character and
extent of the improvements desired and the need and advisability of
their execution. The sponsors of improvement measures were urged to
present pertinent factual material bearing upon the general plans of
improvement desired and to give detailed supporting data on the
economic justification of the undertaking. Opposing interests were
also urged to state the reasons for their position.

9.05 Subsequent to those meetings, approximately 20 informal
meetings were held with State and municipal interests and approx-
imately 25 informal meetings were held with concerned citizens.
Informal contacts with key Federal and State agences and approxi-
mately 20 field contacts also furthered the progress of the studies.

9.06 Two plan formulation public meetings were held on 6 and 8
May 1975 Warwick and Cranston, Rhode Island, respectively. The
purpose of these meetings was to present all of the alternative
plans developed during the investigation and to incorporate public
desires in plan formulation and choice of the most desirable
alternative. Subsequent to these meetings, nearly 100 field
contacts were made, several informal meetings were held with
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citizens groups, approximately 20 informal contacts were made with
State and municipal interests and nearly 50 informal contacts were
made with Federal environmental and fishery interests.

9.07 During the fall of 1976, a draft of the Pawtuxet River
Study was released for public review and presented at a public
meeting on 14 October. Accompanying the report was a draft
Environmental Impact Statement. At that time the Selected Plan
included the Natick Diversion and the Warwick Avenue Local
Protection Projeft, and the Elwood Avenuk .)cal Protection Project
supplemented by future measures. Since there was lack of local
support for the Selected Plan, other studies were conducted that
would involve less cost and less impact on Apponaug Cove.

9.08 A final public meeting was held on 19 May 1977 to present
plans to the public. At that time, Alternate D, which consisted of
the local protection projects at Elmood Avenue and Warwick Avenue,
Big River Rese-rvoir and future measures woold yield less flood
protection than Alternate B (Natick Diversion) but it would cost
less and would have no impact on Apponaug Cove. Those attending
responded favorably to the Corps' pursuing plans toward implementing
Alternate D.

9.09 After detailb ,i studies it was found that Alternat? D was

not implementable due to economic reasons. The Elmwood Avoaue LLP
was not economically justified.

9.10 A revised Selected Plan (Alternate I) was then developed.
This alternate included a proposal for a Norwood Land Bank which
would give assistance to flood prone residents near Elmwood Avenue.
Included in this alternate plan was the local protection project at
Warwick Avenue and flood control storage at the Big River Reservoir
along with future measures.
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10.0 COMMF'NT AND RESPONSE

When the Draft EIS .!s released in 1976 the selected plan
included the Natick Diversion, which would have transferred flood
waters from the Pawttxxet River through a tunnel and finally emptying
into Apponaug Cove and Greenwich Bay. This element of tc 6eler7ted
plan was nit acceptable to the public, which voiced its oppos iin
at a Public Meeting in October, 1976, in Warwick. The major
concerns about the diversion centered on the high costs and possible
adverse environmental impacts to Appcosaug Cove and the shellfish
industry if freshwater were mixed with the salt water in the cove.
Numerous letters on the Draft E!S opposed the diversion. Due ts
this and the overwhelming public opposition at the meeting, the
Natick Diversion was dropped from consideration as an element in any
flood control scheme. There were numerous comments concerning the
proposed Natick Diversion. Since it is no longer being considered,
comrnent:s ann queitioas about it will not be addressed.

I tnm PAGE

1. U.S. Fish & >Jiltlife cer,- 'e W. Ashe 1- 2

2. U.S. Department of o~rvrer!'e S. a_.eli -4

3. State of -'hode lland Coast a].
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4. Department of 1lanning & UJrban
Development, Providence, RI. J. Kellam 10-7
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8. Department of Records
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Counsellors at Law C.R. Bengtson 10-14

10. Brown University Environmental
Studies Group B. Marinelli 10-15



CUPMENT; 1-1

The impacts to resources a'3 they are expected to be
over the entire project life of 100 years should be addressed more
fully.

RESPONSE: Estimating or trying to predict the future

of an area and its resources is very difficult. The Pawtuxet River
basin is presently highly developed. Over thuc next hundred years
growth will occur and the taxing and consd; ion of resources will
likewise increau,. Destruction of natural resources will decrease,
though, over time as there will be less resources available for
use. The impact of the selected plan on future resources will
largely be in the hands of the State and local officials. Th~e plan
may give a false sense of security to communities which may in time
feel it is "safe" to develop lands in the flood plain; thereby
depleting th.l resource base. The objective of the proposed plan is
to help saferuard the natural and manmade resources of the basin
both now and over the next hundred years.

COMMENT: 1-2

The impacts of sedimentation should be reevaluated
since presently Pawtuxet Cove has to undergo maintenance dredging
every eight to ten years.

RESPONSE: Sedimentation in Pawtuxet Cove is caused by

two factors, the river and the ocean. Presently, the ocean
contributes to the sediments in the cove. The proposed project will
not impact on the Pffect of the ocean. The proposed Big River
Reservoir will most likely reduce sedimentation which is carried in
the rlyer. Since the basin is small and because of numerous
existing small dams on the river, it is felt that the impact of
sedimentation will still be minor.

COMMENT: 1-3

By channeling the river near the Warwick Industrial
Park, will eight acres of current recreation land (Pawtuxet
Reservation) be converted to industrial use?

RESONSE: This land would be adjacent to the indus-
trial park and could possibly be developed in conjunction with the
existing use. This decision would have to be made on the local or
State level. (See paragraph 4.02)

COMMENT: 1-4

The report has suggested no alternative remedies
available if future resource losses prove to be significant.
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tREPONSE 'ht comident is directed toward effects or

the previously recmmended ta 
T)iversion ;ind the resources of

Apponaug Cove and Greenwich Bay. The diversion has been dropped

from consideration due to overwhelming public opposition.

COMMENT : 1-5

Plan 1) has been desi fnated as the EQ (Environment '
Quality) P

1 o n. li w our understanding that the EQ Plan was one
which enha <.e. by m anagonert-, conser:.: Lion, preservation, creation,
restoratfil or improvement, the quality of certain natural and

cultitriL resources and ecological systems in the study area. We
question whether or not Plan D fits this criteria.

RESPONSE: At the ti.me when the draft EIS was first

released th, r Q Plan wa Pi'lan D, and was the plan which was the
lea!,t d ktpttve L t. e env'runnnt. The plan would improve the

quality ot -,rtatn resources but would degrade others, Whether or
not Plan ) riade net psitive cont ibutI, rc to the environmental

qualiLy. ot the ara w-.s difficult to de ermine. The Corps of
Engineers FR 1105-2-2 .0 state, ti:-.t in Seine cases it may be impos-
sible to develop a p.in .,'ich meets th. minimun requirements of an

EQ plan. In those ca.;es tho plan that is the .oast e" rironmentally
damaging wilt be designited as tho E(Q plan. SJ,'e !-aft LIS was
filed, a number of other alternat ,'e plans werr de.'e-?d. The
current EQ plan is Alternative I and if doscribed in fe.L, Aion 6 of
the ETs.

COMMENT: 1-6

Plan D should evaluate the possibility of eliminating

channel relocation -ind study locating a dike on the southern bank of

the meander in the rtv:r

RESPONSE: During the planning stages this was studied

and it was determined that the costs to do it would be more than the

channelization work. Also, the hydraulics of the river would be
affected slightly by following the existing river course. The river

flow would become slightly more sluggish and would not flow as
smoothly and efficiently.
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COMMENT: 2-1

Sludge deposits from treatment plants whic2 are
currently stored along the river could pose a problem to the water
quality of the Pawtuxet as a reqult of surface runoff and not just
during flooding events.

RESONPSE: This is true and is most probagly occuring
at present.

COMMENT: 2-2

The impacts of sedimentation due to th2 project should
be reevaluated since dredging is required every 8 to 10 years in
Pawtuxet Cove.

RFSPONSE: See Response 1-2.

COMMENT: 2-3

We believe that the straightening of the river near
the Pawtuxet Reservation is a major environmental impact and should
be so stated in the final ETS.

RESPONSE: It is noted the "straightening an', filling
of the River near the Warwick Industrial Park will have oi rcrm
impacts to both aquatic and terrestrial habitat." (See parr:,-arh
5.07 under the section dealing with Probable Adverse Environmintal
Impacts that Cannot be Avoided.)

COMMENT: 2-4

roe project should be coordinated with the Coastal
Resources Management Council of Rhode Island since the State did not
have an approved CZM plan.

RESPONSE: At the time of the submittal of the draft
EIS the selected plan included the Natick Diversion, which would
have discharged flood waters into Apponaug Cove and Greenwich Bay.
This diversion had the potential to do environmental damage to both
commercial and recreational interests. This plan has been dropped
from consideration. It is not anticipated that the final selected
plan will adversely effect the coastal environment and its
resources.
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COMMENT: 3-1

Why wasn't relocation of industry to other areas
considered?

RESPONSE: It was investigated but costs to do that
would exceed the cost of the protective works.

COMMENT: 3-2

Section 4.08 shows figur -; for land valuation and job
expansion potential. Are they good estimates? Were they used to
compute benefit cost calculations?

RESPONSE: If a dike system were built to prevent
flooding at the Warwick Industrial Park, more land that is currently
undesirsble 1ecause of flooding would become avai I1hlo for dev'Inp-
ment. Growth trends indicated that the protecte& land would in-
crease in value and would receire pressure to be developed. In
computing the benefit-cost ratio, land enhancement benefits were
taken for this land and figured into the B-C ratio. (A detailed
brea'Kdown o- the benefit-coSt computations can be found In the

Technical Appendices to the Main Report).

COMIMENT: 3-3

We question whether adequate :;t:eitI__ , een gi'en
to construction impacts (sediment loads, spilled fue i, Ingh pH
runoff from concrete).

RESPONSE: Construction activities will impact the
project in varying degrees. These impacts are discussed in Sections
4.10 - 4.17 and 4.29 - 4.30. Contractors are required to take pre-
cautions to prevent accidents on the job site. A safety plan must
be submitted to the Corps of Engineers before construction work can
begin. The plan describes in detail how accidents will be pre-
vented. Also, in areas where erosion could occur due to land
runoff, hay bales and sediment retention basins should be utilized
to prevent contamination of the river and other natural resources.

COMMENT: 3-4

"We strongly believe the alternative plans of No-
Action and Regulatory Measures should be given further considera-
tion."
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RESPONSE: The No-Action plan and Regulatory Measures
were carried through the entire planning process. Regulatory
Measures considered were the National Flood Insurance Program

(NFIP), flood plain regulations, land use programs and others (See
Table VI-1). These measures are meant to supplement the Corrective
Measures of reservoirs, walls and dikes, hurricane barriers, flood-
proofing, etc. By themselves, the No-Action and Regulatory Measures
would not provide significant flood protection to existing homes and
industry along the river.
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COMMENT: 4-1

Several aajor structural and non-structural obstruc-
tions within the riverbed should be removed to restore the natural
capacity of the ri;,er. They include: dumped rubble, obsolete
foundations to old dams and bridges, sediments behind the Broad
Street Dan and the dam itself, and a 20 ft. high concrete earth-
filled wall jutting across the spillway of the Broad Street Dam.

RESPONSE: Removal of .o.ese obstructions would not
make a itinificant contribution to flood control on the lower
Pawtuxet ;U'ier. To begin with, the removal of such objects would
only have a -ninor effect on riverine flooding and no effect on tidal
flood,)_g in the lower basin. Secondly, localized obstructions
generally have a localized effect. Therefore, effective channel
improvements would have to consist of enlarging the channel through
deepenoLig and widening. Such improvements would require riprap
(stone protection) protection of exposed banks and due to the cost
of bridge modifications, the proposal is deemed impractical,
particularly since the threat of tidal flooding would still remain.

The removal of the Broad Street Dam would r. a]o -ate
the flooding problem. Backwater studies were perf " .c "
the etfects of complete removal of this dam. Durir ,
project riverine flood the flood st-age would !. ,,. s!eve,
feet at the dam and this reduction would dim-nif..
insignificant at Warwick Avenue. RemovAl of thjf d. .i iiave tho
associated impacts of returning the lower Fa wfuxet to a I ii
estuary with its resulting environmental impact, and normal river-
flow velocities would be increased causing possibie bant: erosioi
problems if protective measures were not provided. Most impor--
tantly, however, removal of the dam would do nothing to protect the
lower Pawtuxet against the existing threat from tidal flooding.

COMMENT: 4-2

Scituate and Flat River Reservoirs should be utilized
in a greater capacity for flood control storage.

RESPONSE: The idea of providing flood control on the
Pawtuxet River by either regulating or adding storage at Scituate
has risen many times over the years; however, it is noted that
Scituate already provides a high degree of control over its water-
shed. During many freshets the entire runoff from its watershed is
stored in Scituate. Depending on antecedant storage capacity, and
during other events where the pool is at or nearly full, surcharge
storage in the lake has served to greatly modify and desynchronize
the runoff from its watershed. Optimum regulation procedures should
be employed at the project to maximize flood control and at the same
time not infringe on the water supply yield.
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In order to raise the lake at Scituate to increase
flood control storage it would be a costly procedure to outfit the
dam with new appurtenant flood control facilities, and therefore, is
not considered feasible. Due to numerous homes around the lakes
perimeter, increasing the water height at Flat River is also not
deemed practical.

COMMENT: 4-3

Existing dams along the PawtuLcet should be utilized
and designed in a coordinated scheme to provide for flood control.

RESPONSE: Existing dams were investigated and
analyzed. It was discovered that these dams had insufficient
storage capacity to be an effective element in a flood control
system.
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COMMENT: 5-I

Consileration should be given to the removal of the
large, winged concrete r7etaining walls at Pawtuxet Village in
Warwick which acts as an obstruction to the river.

RESPONSE: See Response 4-1.

COMMENT: 5-2

Consideration should be given to increase the heigit
of the dikes and walls for the local protection project in Warwick.

RESPONSEi The original selected plan included the
Natick Diversion which effectively diverted large volumes of flood
waters from the Pawtuxet River to Apponaug Cove. Since this plan
has been dropped from consideration the dikes and flood walls in
Warwick needed to be raised several feet in order to provide for
standard project flood (SPF) protection.

COMMENT: 5-3

Consideration should bf. given to straighten and dee,n
the Pawtuxet River from the Mall location to its mouth at Pwr-ye
Village.

RESPONSE: In order to increase the capacitY of the
river it would have to be widened significantly and the ex:posed
banks protected with riprap. Bridge modifications would make this
proposal impractical. See Comment 4-1.
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COMENT: 6-1

The "probability" that thw. Federal o'vt.meut n,, poy

for the additional cost of the flood centrol elemcent to Big Rvrer
Reservoir should be made more de'inite ;:nd not reouire it to Ie
abandoned or be finance-d byr the s:tate.

Pi' PONSE2 Tradi! knally the Federal Gove):;mo t w, '1d

pay for the co,:;i N'f all apox.-tenant flood control structures. e
non-Federal i:it ,,tsl would nti,.. to provide .le co,, ts of all ]a.,,.-
easements, ittli ( es, etc. There is legisl tion ponding which, i
passed, would r ,luire that the non-Federal Interest pay for 25% '-f
the total constructLon cost. It is not clear, at iresent, whether
or not the State could credit the cost of lands, wiich are currently
owned by them, to their share of the total cost.

C O,1.NT: 6-2

A joint study should be made by the Army, the Federal
Insurance Administration, and the Environmental Protection Agency.
It could result in a solution that would be of more immediate
benefit, less costly, and less damaging to the environment.

RESPONSE: The Corps of Engineers has been charged by
Congress to study the Pawtuxet River Basin to evaluate plar,:; for

flood control. Numerous alternative plans were developed offering
different degrees of protection. The EPA currently reviews; ali
alternatives and assesses their impacts on the water quality and the
environment. Many other Government agencies review the alternatives
and comment on the impacts which they feel. need to be addressed in

more detail. The Federal Insurance Administration is very much
interested in plans which advocate wise use of flood plain areas.
The process of studying an area, identifying problems, recommending
solutions, and implementing measures to solve problems takes a
substantial amount of time. Due to regulations, many procedures
must be undertaken to satisfy different groups. For all projects,
it is the aim of the Corps to develop alternatives which are of the
highest benefit to public and also which impact the environment in
the least way.
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COMMENT: 7-1

The Corps should carefully consider to develop a flood
management program which maximizes non-structural solutions.

RESPONSE: Non-structural solutions for flood control
were considered during every phase of the planning process. Pl( c
proofing buildings, relocation, flood plain zoning, building 2oces.
recommending limiting future growth In the flood plain were all
investigated. A non-structural alte'-:ative, Alternative J .&;
carried through the planning stages even though the flood prc (-ing
or relocation of development along the river is not logical,
practical., or economically feasible.

COMMENT: 7-2

The Corps should consider cha''el imrntovwTnprt meassires
such as clearance of obstructi,''; in 1-1, ,- vnit' 'io:! ion of
the natural riverbed.

RESPONSE: See Commeint 4-I.

COMMENT: 7-3

The Corps should consider strict compliance and
enforcement with local flood plain zoning ordinance as defined under
the National Flood Insurance Program (NFIP).

RESPONSE: Compliance and enforcement of flood plain

zoning is not the Corps of Engineers' charge. However, the Corps
strongly advocates that development be strongly controlled by local
communities in order to prevent flood damage to home and property.

COMMENT: 7-4

The Corps should consider establishment of local

sedimentation and erosion control ordinances.

RESPONSE: The responsibility of establishing local
sedimentation and erosion control ordinances would be with the local
community and the Soil Conservation Service. The Corps strongly
recommends such establishment to prevent the degradation of water
quality which may affe: t the water supply and recreation needs of an
area.

COMMENT: 7-5

The Corps should consider improving water storage of
Scituate Reservoir and also designing Big River Reservoir for flood
surcharge storage.
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RESPONSE: See Comment 4-1. The Big River Reservoir
is being designed for flood control storage equivalent to six inches
of runoff over a drainage area of about 30 square miles. This can
be accomplished by increasing the height of the dam about 2.5 feet.
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COMMENT: 8-1

Can flood control storage be created at Scituate
Reservoir?

RESPONSE: See Comment 4-2

COMMENT: 8-2

We are concerned that there may be a slight increase
of flooding in Cranston caused by dikes being built in Warwick.

RESPONSE: The proposed walls and dikes at the Warwick
Industrial Park would effectively cut off low lying areas that get
flooded during high water. The effect would be that flooding would
increase very slightly (several inches), but onily in rhat arep of
Cranston directly across from the walls and dilre-. Thcr: would not
be an increase in flooding in Cranston upas'renm f-om the industrial
park. The slight increase in flooding would be eliminated totally
by the flood control storage at the Big River Reservoir.

COMMENT: 8-3

We would like to be assured that flood control sto-rage
at the Big River Reservoir be completed and all engin-crrig data
confirmed by interested R.I. and U.S. Departments before the start
of any dike and wall construction in Warwick.

RFSPONSE: See Comment 8-2. Big River Reservoir is
currently under study by the Corps of Engineers as requested by the
State of Rhode Island. The reservoir is planned in conjunction with
protective works in Warwick. At present, it cannot be assured that
work at Big River be completed before any work is begun at Warwick.
However, even if protective works were installed in Warwick the
effect in Cranston would only mean a slight increase in flooding of
several inches in the area opposite the walls and dikes.
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COMMENT: 9-1

The Corps should study the alternative of dredging the
river and removing obsolete dams and bridges.

RESPONSE: See Comment 4-1

COMMENT: 9-2

The Corps should recommend remnval of obsolete and
demolished manmade objects which are encroaching on the river.

RESPONSE: See Comment 4-1.

COMMENT: 9-3

The Corps should recommend remodeling and rehabilitat-
ing certain existing dams on the river.

RESPONSE: See Comment 4-3.
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COMMENT: iO-1

Why was there not more information given for the
Future Action Alternative of utilizing a combined reservoir
management system (the Scituate and proposed Big River) for both
flood control and water supply?

RESPONSE: At the time that the draft EIS was
released, Big River Reservoir was just in the preliminary planning
stages. T.he Corps of Engineers was proposing that if the State
constructe4 the reservoir that flood control should be included over
and above the water supply portion of the project. However, in
January 1978, the Corps was requested by the Governor of Rhode
Island to undertake a feasibility study for both water supply and
flood control at Big River. Thi , report, including an Envirclimertai
Impact Statement, is scheduled 'or completion early in 1980.
Scituate Resc:rvo:.r :rcsc .tly pr,iken a high ccgrec of flood rntrol
storage for the area. (See Commeu,. 4-2.)

COMMENT: 10-2

Why wasn't np alt, rortive considered utilizing Federal
funds under the Corps of Engineers' Small Flood Control Project
Regulations for Warwick local protection barr'Er1,?

RESPONSE: Prior to studying the entire Pawtuxet River
basin, flood prone areas in Warwick were investigated urnder the
Small Projects Regulations (Section 205). At that time the upward
limit for a "small project" was one million dotlars. At: the time
that these small projects were being investigated Congress
autborized that the Corps should study the entire Pawttxet River
basin for flood control. Instead of doing a Detailed Project Report
(DPR) for each small project they were included into a comprehensive
plan for the entire basin.

COMMENT: 10-3

The Corps gives estimates on market values for land
with and without flood protection and projected increases in number
of jobs. Which studies or types of calculations are these derived
from?

RESPONS! These estimates were developed from
information supplied by local officials from the planning and
assessing departments in Warwick. See Section 4.06. j.

COMMENT.- 10-4

What Federal regulations dictate adherence to the SPF
standard of protection?
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RESPONSE: The alternative measures considered for

urban areas where formulated in accordance with Engineering Circular
(EC 1105-2-47) which stipulates that the standard project flood is
an appropriate level of protection for high dikes and floodwalls in
urban areas. It also states that if the standard project flood
protection plan is unjustified or only marginally justified, the
level of protection may be reduced to yield a more economically
feasible plan by utilizing alternative flood damage reduction
measures. However, reductions in the level. of protection below the
standard project tlood are to be avoided whfzenever possible.

COMMENT- 10-5

The R.I. Department of Health, Division of Air
Pollution Control has projected violations of tle secondary standard
for toial suspended particulates (TSP) (60 ug/m ) by as much as
50ug/m in Cranston and Warwick. The excavation and transportation
of earth from the dikes qualifies as a source of TSP. What is a
reasonable estimate of the source strength? What would the
contribution to TSP levels in Warwick and Cranston be during typical
weather conditions? On those days characterized as transport days,
what contribution will the source be to TSP levels in the Providence

business district?

RESPONSE: Construction activities will no doubt cause
a temporary increase in the levels of TSP. Precautions to reduce
the dust will be utilized during the time of construction. The data
that is sought is of a very advanced nature that would not be
investigated during this stage of project analysis and design.
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STUDY AUTHORITIES

This report is submitted in partial compliance with seven Congres-
sional resolutions that authorized the Pawcatuck River and
Narragansett Bay drainage basins (PNB) study. The following
resolutions pertain to the Pawtuxet River Basin:

Resolution adopted on 29 March 1968 by the Committee on Public
Works of the United States Senate:

"That the Board of Engineers for T'4ver and Harbors, crested
under Section 3 of the River and Harbor Act approved June 13,
1902, be, and is hereby requested to review the report on Land

and Water Resources of the New England - New York Region,
transmitted to the President of the United States by the
Secretary of the Army on April 27, 1956, and subsequently
published as Senate Document Numbered 14, Eighty-fifth
Congress, with a view to determining, in light of the heavy
damages suffered during the storm of March 1968, in southern
New England, the advisability of improvetuents, particularly in
the Pawcatuck River Basin, Rhode Island, and the Narragansett
Bay Drainage Basin, Massachusetts and Rhode Island, in the
interest of flood control, navigation, water supply, water
quality control, recreation, low-flow augmentati.on. and other
allied water uses."

Resolution adopted on 10 July 1968 by the Committee , .:bitc
Works of the House of Representatives:

"That the Board of Engineers for Rivers and Harbors is hereby
requested to review the reports on the Land and Water
Resources of the New England-New York Region, transmitted to

the President of the United States by the Secretary of the
Army on April 27, 1956, and subsequently published as Senate
Document Numbered 14, Eighty-fifth Congress, with a view to
determining, in light of the heavy damages suffered during the
storm of March 1968, in southern New England, the advisability
of improvements, particularly in the Pawcatuck River Basin,
Rhode Island, and in the Narragansett Bay Drainage Basin,
Massachusetts and Rhode Island, in the interest of flood
control, navigation, water supply, water quality control,
recreation, low-flow augmentation, and other allied water
uses."
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Resolution adopted on 2 February 1970 by the Committee on Public
Works of the United States Senate:

"That the Board of Engineers for Rivers and Harbors, created
under Section 3 of the River and Harbor Act approved June 13,
1902, be, and is hereby requested to review the report on Land
and Water Resources of the New England-New York Region,
transmitted to the President of the United States by the
Secretary of the Army on April 27, 1956, and subsequently
published as Senate Documenit Numbered 14, Eighty-fifth
Congress, and other pertinent reports, with a view to
determining whether any improvements for flood control and
other water resources purposes are advisable at this time,
particularly along the Pawtuxet River, Pocasset River, and
Meshanticut Brook, at and in the vicinity of Cranston, Rhode
Island."

SCOPE OF THE STUDY

This report presents the results of a study of the water resource
problem in the Pawtuxet River Basin, one of the five major
watersheds in the Pawcatuck River and Narragansett Bay Drainage
Basins (PNB) Study, for the purpose of determining the advisability
of improvements in the interest of flood control and allied
purposes. A map showing the relationship of the Pawtuxet River and
the PNB study area follows on Plate 1-1.

PRIOR STUDIES AND REPORTS

EARLY RHODE ISLAND WATER SUPPLY REPORTS

Reports prepared in January 1928 and September 1936 by the Rhode
Island State water supply and planning agencies provide information
concerning the watershed record flood of February 1886. Additional
hydrologic information has been compiled by the city of Providence,
which has diverted water from the Pawtuxet River into its public
supply since 1870. Detailed water supply studies were also
completed by the city of Providence as the result of the 1915 Water
Act of Rhode Island, which authorized the development and 1926
completion of Scituate Reservoir on the North Nashua Branch in
Sc ituate.
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FLOOD CONTROL SURVEY REPORT

In response to Section 5 of the .937 FIL, UonLrol Act, a report

prepared in October 1939 by the tormer Providence District, Corps
of Engineers recommended adoptior, of a flood control plan for the
Pawtuxet River watershed. The plan entailed local protection works

at Clyde (along the North branch in West Warwick) and a gated
diversion dam near Pontiac (along the main river in Warwick) that
would divert floodwaters from the mait' river southward t'irough '

diversion channel that would discharge at Apponaug Cove, et the

head of Grtenwich Bay in Warwick. 2uth projects were authorized by

the 1941 Flood Control Act, but authot'ation expired in 1951 as
local part:1.cipation (lands, easements, right-of-ways, cost: sharing
in 25 percent of the first cost of the Pontiac Diversion not to
exceed ,347,500, and operation and maintenance of the project
following completion) was not forthcoing.

NENYIAC REPORT

A report by the New England-New York Inter--Agency Committee

(NENYIAC) was completed in Mar:h 1955. It contained an inventory
of resources and addressed streamflow re',Mlation, water supply,
water quality, flood control, hydroelectric power, navigation,
shore erosion, fish and wildlife, recreation, historic sites, land
management, mineral production, and insect control. The report
indicated that benefits could be realized from streamflow
regulation, pollution control and flood control measur, in the
Pawtuxet watershed, but no projects were recommend,: or ihese or
other study elements. Chapter XVII cf Part Two, "Nari:aga:isett Bay
Drainage Basins," discusses the resources of the Pawtuxe-,
Blackstone and Taunton watersheds and local drainage into
Narragansett Bay and the Sakonnet River.

NAVIGATION SURVEY REPORT

In response to a resolution by the House of Representatives Commit-

tee on Public Works, a report published in June 1961 by the New
England Division, Corps of Engineers recommended a small boat
harbor improvement at Pawtuxet Cove, a tidewater indentation at the

mouth of the river. The project was authorized by the 1962 River
and Harbor Act and was completed in 1966. It entailed dredging an

entrance channel 6 feet deep and 100 feet wide, and a turning basin
at the northern end; dredging an anchorage 6 feet deep over a 14

acre area at the south side of the entrance channel; and con-

structing a 2,200-foot long sheltering dike at the east side of the
anchorage.
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NARRAGANSETT BAY AREA HURRICANE SURVEY REPORTS

The Public Law 84-71 study authority, was adopted by the New
England Division, Corps of Engineers, after the damaging hurricanes
of 31 August and 11 September 1954, an interim report was completed
in August 1957. This led to a series of reports and to the 1958
authorization and 1961-66 construction of the Fox Point Barrier
across the upper reach of the Providence River at Providence. A
plan for hurricane tidal flood protection for the Narragansett Bay
area, known as the Lower Bay Barriers, was completed in January
1965 by the New England Division. The report recommended the
provision of rockfiil barriers (top elevation 25 feet above mean
sea level) across the East and West passages to Narragansett Bay
and across the upper passage of the Sakonnet River, subject to
local agreement for participation in the project. Ungated navi-
gation openings would be provided at each passage and 80 sluice
gates would normally remain open to allow addit~ional tidal
interchange. The barriers would reduce the wave action level of 18
feet at Pawtuxet Cove that accompanied the record hurricane flood
of 21 September 1938 (frequency slightly less than once in one
hundred years), to approximately 10.6 feet, and would reduce the
1938 tide (stillwater) level of 15.3 feet to approximately 7.8
feet.

A majority of the persons commenting at the 1956 public meeting on
the Fox Point Barrier project expressed general approval of the
lower Narragansett Bay protection concept. Support by Massachu-
setts Interests continued strong during the course of t1he
Narragansett Bay Study. However, support by Rhode Island citizens
waned and opposition was expressed concerning various biological,
aesthetic, tidal interchange, water quality, salinity and
navigation aspects of the Lower Bay Barriers plan. In view of this
lack of support, the Secretary of the Army's report to the Congress
recommended that no project be authorized for the lower
Narragansett Bay area until Rhode Island citizens expressed
approval of the project.

RHODE ISLAND WATER SUPPLY REPORT

A report to the Rhode Is land Water Resources Board, prepared in
June 1967 by Metcalf & Eddy, Inc., updated 1952-1957 consultant
reports to the Board to reflect the drought conditions of the early
1960's and the attendant water supply problems. The report
proposed a phased development program to meet increased demands
expected in 1990 and 2020. The report proposed construction (about
1980) of a reservoir on the Big River just upstream from the
existing Flat River Reservoir (industrial water tiupply) to produce
an initial 29 MGD of water supply for the Providence metropolitan
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service area. Also proposed were flood skimming of the Flat River
(about 1995) and transfer to Big River Reservoir, plus development
of facilities after 2005 that would divert flood flows from the
tributaries of the Thames and Pawcatuck River Basins, located to
the west, to augment the yields of Big River Reservoir. In
conjunction with these studies, the Water Resources Board during
1965-66 acquired 8,270 acres for the Big River Reservoir project.
The initial phase of environmental assessment and preliminary
engineering and design on the Big River project is in prob-ess 'y
Water Resources Board consultants.

NEWS STUDY FEASIBILITY REPORT

Under the authority of the 1965 Flood Control Act the Corps of
Engineers conducted a regionwide assessment of water supply
problems of the metropolitan areas between Maine and Virginia as
part of the Northeastern United States Water Supply Study. A draft
report was prepared by the New England Division in November 1969
concerning long-range water supply needs in Rhode Island and most
of Massachusetts. The surface water projects proposed for the
Pawtuxet watershed area are the same as those recommended in the
1967 Metcalf & Eddy report to the Rhode Island Water Resources
Coordinating Board. No ground water projects were proposed for the
Pawtuxet watershed area by the U.S. Geological Survey, who analyzed
all existing ground water reports as their contribution to the
study.

FLOOD CONTROL RECONNAISSANCE REPORT

In initial response to the PNB study request, a reconnaissance
report was completed in December 1971 by the Ncw England Division,
Corps of Engineers, which presented the findings from a preliminary
study of the flood problems in the Pawtuxet River watershed. The
report indicated that the potential flood problems which result
from the existing pattern of growt'i within the flood plains, are of
such magnitude that a flood management program composed of
nonstructural and structural measures should be encouraged. The
preliminary investigation indicated that detailed studies were
warranted to evaluate a management program of regulatory measures
(namely flood proofing) and corrective measures such as a diversion
project, local protection, modification of Scituate Reservoir, and
future floodwater storage at the State proposed Big River Reservoir
project.

NAR REPORT

Authorized by the 1965 Flood Control Act, the North Atlantic
Regional Water Resources (NAR) Study was one of 20 regional studies
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conducted throughout the United States under Level A guidelines
established by North Atlantic Division, Corps of Engineers, the
report encompassed all river basins draining into the Atlantic
Ocean from Maine to Virginia and all. New York and Vermont areas
draining into the St. Lawrence River from St. Regis, New York
eastward. The objective was to establish a broad master plan or
framework as a basis for regional water and related land resources
management. Fifteen water resource needs in each of the 21
subregions of the NAR study area were projected through the year
2020 In accordance with several planning objectives: environmental
quality, national efficiency (or income), regional development or
mixed objectives. A basic finding for the entire study area was
that NAR water resources cannot support further continuation of the
traditional pattern of development and consumption. Research and
study and management of water, land and environmental resources are
needed to reduce the needs for excessive monetary and natural
resource investments.

The report indicated that the PNB area will need help in
eliminating its unemployment. Its water resource management
program should be oriented toward increasing regional development,
but with some environmental quality constraints. Key long-term
(2020) needs for the PNB area are water quality management and
improvement to meet State standards, availability of power plant
cooling water (mostly saltwater sites), water supply w'.tdrawal and
importation measures (with future shift expected by many '11dustries
from self-supplied to publicly supplied systems), flood daiiiage
reduction measures as land becomes scarce, commercial navigation
improvements, shore erosion protection for selected sites, and
increased opportunities for water-oriented recreation, fish and
wildlife recreation, and recreational boating.

BROWN UNIVERSITY WATER QUALITY REPORT

A Brown University report was published in August 1972 based on a
1971 summer student group study of the Pawtuxet main river and the
North and South Branches. This report stated that water quality,
already poor, had deteriorated by one or two water use classifi-
cations in most reaches since the Rhode Island Department of Health
Analysis of 1966. The report also indicated that existing water
quality management is ineffective and a strong regional management
agency is needed, one that can collect monetary charges on
effluents. Also needed ';the formation of a water quality
monitoring consortium, consisting of industries and sewage
treatment plants, for year-round monitoring of the river.
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CRANSTON FLOOD HAZAT ) ANALYSIS REPORT

At the request of the city of Cranston and Rhode Island Statewide
Planning Program, officials, a flood hazard analysis report on the
Pocasset River and Meshanticut Brook within Cranston was published

in September 1973 by the Soil Conservation Service. An addendum to
this report was published in December 1974. The report contains
flood maps, high water profiles and typical valley cross-sections

that providc a guide for the devel'rpniet of local regnla 'ons and
other l-ood management measures "or minimizing flood damages.

Information was compiled for 10-year. 50-year, 100-year and 500-
year frequency floods. The flood maps show only the 50-year and
500-year flood limits. The 100-year flood limits are essentially
the same as the 50-year flood limits.

FLOOD CONTROL PROJECT ENVIRONMENTAL REPORTS

At the request of the New England Division, Parsons, Brinckerhoff,
Quade and Douglas, Inc. prepared an environmental report in
February 1975 (with minor May 1975 revisions). Tt concerned

measures to reduce tlood damages in the Pawtuxet River watershed
were under consideration by the PNB study team. It also discussed

the environmental setting without the proposed flood control
measures, the probable impacts of the proposed actions, and
alternatives to the proposed actions. The report f1i-vi' rgs wer
summarized in the information pamphlet prepared for °i& mid-Ftage
public meetings held by the New England Division at VWarivftk and
Cranston in May 1975.

An environmental report which discusses marine life at Apponaug

Cove and the Greenwich Bay area was prepared in September 3975 by
Dr. James Hoff and Dr. Sanford A. Moss, Biology Department,
Southeastern Massachusetts University, at the request of the New
England Division. Their survey, mostly of Greenwich Bay, consisted
of water quality analyses, fin fish estimates, and sampling and
identification of soft shell clams, other benthic life and plankton

at selected sampling stations in Apponaug Cove, Greenwich Bay,
Providence River and Gorton Pond.

SOUTHEASTERN NEW ENGLAND (SENE) REPORT

As part of the program established by the 1965 Water Resources
Planning Act so that rmlti-purpose, coordinated plans would be
developed for each sub;egion or major river basin in the Nation,
the Water Resources Council authorized a comprehensive level B
study of the coastal basins of eastern Massachusetts, Rhode Island
and the southeastern corner of Connecticut. Under the direction of
the New England River Basins Comm'ssion, a Federal-State study team
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evaluated exisiing, t990 -ind 2'.' !eveds ii the S!.'Nk area which
includes all ot the PNB area. '['h*-cc ace Y&:cil.,L wat.-r supply,
water quality, recreation, La. ib i:. ,agemac.- , fhk,-ding and erosion,
minerals extraction, :nd the sit-ii .e .ica 1 ! power and

petroleum facilities. Th :'cp,;rt tie W. t r Resources Council,
submitted in March 1976, indicated i )t continuing urban growth in
the SENE area can be acc,;r.modated bUL dhould be guided to protect
fragile resqurces and mak2 develop,.a'ti more efficient.

Key recommendations for meeting 199-, .; Jn the Pawtuxet River
Basin were; petition the General Aawni "  .i pprove construction
of Big River P-servoir; expdnd Crar,3ton .- ,arV:ck secondary
treatment plants; consider construction o' a complete secondary
treatment plant at Coventry or expanA the. existlng secondary
treatment plant at West Warwick; a, jcire key wetlands and flood
plains; and ,-onsider non--structural flood pLn management
solutiois wherever possible, uoder the authori-ty of Secti.,m. 73 of
the Water Resources Developwent Act. of 1974. The SENE Sludy
efforts were closely cnordiated wiLl. thos. ,d! the PNB study.

The SENE study recognized that specific pcro;t._.t proposals to
resolve the major flood problems in tbe l,w ,i basin were being
evaluated by the PNB u' team. 11,cre-it-_, the recommendations of
the SENE study focused on regulatory, soil conservation and
forestry measures that all basiv munit.1palities should adsDpt to
reduce flood plain encroachment, erosion and nonpoint
pollution.

MATHEMATICAL MODFL ANALYS.

At the request of the New England Division, the Raytheon Company,
Portsmouth, Rhode Island, was asked to forecast the dispersion of
key water quality parameters in Apponaug Cove and Greenwich Bay.
The company was also requested to forecast the biological impact on
biota in both saltwater areas, as the. result of proposed freshwater
diversions from the Pawtuxet River to Apponaug Cove during flood
events. The mechanism uscd for these forecasts entailed
modification of an existing Narragaosett Bay circulation model and
effluent dispersion model. Their pertinent findings are discussed
in Appendix 4.

FLOOD INSURANCE STUDIES

Under the authority ot .ie National Flod Insurance Act of 1968,
Flood Insurance Study Reports have been prepared for the Federal
Insurance Administration, Pepartirtci of housing and Urban
Development for the communities of Ci,-ist on, East Greenwich, West
Warwick, Coventry, Providence ard Warwick, .hicl. are operating



under the regular program. The comnities of Exeter, Foster,

Glocester, Johnston, Scituate and West Greenwich have requested
flood insurance studies ane are presently eligible for flood
insurance under the emergency program until specifLc flood zones
and actuarial rates are determined and flood plain zoning is
enacted.

EPA WATER QUALITY STUDY

A one-year water quality sampling and analyses program for the
Pawtuxet River was initiated in September 1975 by the Environmental
Protection Agency (EPA) Laboratory in Needham, Massachusetts and
the National Marine Water Quality Laboratory in West Kingston,
Rhode Island. The program entails collection of water samples from
the Pawtuxet River at three sampling stations upstream of the
proposed Natick Diversion site in the vicinity of Natick Pond and
another sampling station near the river mouth during 20 proposed
sampling periods. The program includes bacteriological analyses
for total and fecal coliforms and physical-chenical analyses for
nonfilterable residue, biochemical oxygen demand (BOD) ultimate and
various heavy metals. Preliminary results are discussed in Section
4 under the heading "Natick Diversion."

Flood plain informatioi studies of the selected streams in
Cranston, Warwick and West Warwick have been conmplPt& by t'lo New
England Division, Corps of Enginecrs. A similar stvt[ a flood
hazard analysis of the Pocasset Ris' rn Johnston, hbp: hen
completed by the Soil Conservation Service at West Warwick.

PNB WATER SUPPLY STUDY

A study of water supply alternatives for the Pawcatuck River and
Narragansett Bay (PNB) drainage basins was completed in January
1979 by Metcalf & Eddy, Inc. for the New England Division, Army
Corps of Engineers. The report proposed alternative water supply
plans to serve the PNB region, including surface water, ground
water, and combinations. The recommended plan included development
of the Big River Reservoir to help meet future demands of the
Providence area.

FLOOD PROBLEMS

INTRODUCTION

Historical records of floods in the Pawtuxet River Basin date to
the early 1800's. Throughout this period numerous flood producing

1-9



storms have bcn~ expe.jicu. hui, -,, prjduced high monetary
losses. Until the recvaL "~ year tiuwe per.Iod th- 1-a-in. has
maintained its rural charac ' . 1s!-j,, with riay C)-" J'ts lands
sustaining agricultural needs. Being, within a few miles of
Providence, in close proximity to thu seashore and well serviced by
a complete interstate high, wiy SYStEm1, the area hap, become captive
to the demands ImposeJ 'ty urbanlzatiPi The exodus of people from
the city Is exerting pressure on the basin commuinities as more of
the vacant land is devel ped. Under a continuing trend of -land use
changes, the basin is more si~sceptible to greater flood losses.

This increasie in urbanizatiLon has resaIii- J;- increased use of the
flood plains. They are the most economi. areas to develop -
other land available at nominal cost is rathecr scarce. Also,
compoundinc. the issue, is the htghwa. system because it provides
easy access to the flood plaiiis, making them vainerable to land
speculators.

During the drought years (-f the early 1960's, numeroui3 commercial
and industrial compleXe3 and -esidential home~s were constructed
within the main stem flood plain of the Pawtuxet River and its
major tributaries. During_, those years, becaase water levels in the
upstream reservol~rs (particularly Scituate Reservoir) were below
normal, little fear of potontial flooding e .isted. Structures were
constructed with first floor slab elevation only slightly above
existing ground. Flood proofing was not even a conqiderai ron.
Since the area had beeq previously spared from seriou- dam-.gi ng
floods, the land development attitude strongi, persst.:&.I the
March 1968 flood. WitVI the occurrence of this high probabiity
event, flood damages wich woild normially have been Insign."ficant
became alarmin ;ly critfcal.

The antecedent conditions in 1968 were conducive to causing
moderate flood losses. Due to the modifying effect of Seltuate
Reservoir, still about five feet lower than normal due to *the
drought and capable of storing flood flows flood losses along the
main stem were minimizeii. Through the intervening years growth
trends continued unabated to such an extent that some of the flood
plains became saturated with new dev 4.opmeiuts. In this period
existing zoning regulations, imposed by the local government,
permitted slab elevations eqoivaletnt to but not less than a 50-year
flood frequency. With the advent of the National Flood Insurance
Act (PL 90-448) new critf'4a was applied on a very gradual basis, a
pace so slow that much 0, tit vacant land had already been
occupied.

At the same time lands au.,acent to the flood plais, particularly
those in close proximity. to hi.;hway interchanges, were Intensively
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developed. Vegetated areas have been replaced with paved parking
lots, streets, highways and other developments cnurlng a degree of
topographic changes. A large percentage of former natural storage
areas, once available to retahn excessve runo"f, has been lost.

EXISTING CONDITIONS

The Pawtnxet River watershed lies entirely within west-central
Rhode Island and encompasses an er,ea of 230 square mileh
(approximat ly 147,000 acres). -ts 1,tadwaters originate in the
hilly uplands near the Connecticut , _:e 1lne. The basin is
triangular :n shape and the tributary :..reams converge on the short
main stem of the river, which discharges at the apex of the
triangle at Pawtuxet Cove on Narragansett Bay. The maximum width
of the basin in a north-south direction Is 23 miles and its length
is 18 miles, River mileage from Ponaganset Reservoir (at the head
of the North Branch) to Fawtuxet Cove is approximately 32 miles.

Most of the larger streams are highly developed by former
industrial waterpower installations and conservation storage.
Excluding farm impoundments over 150 dams plus natural lakes and
ponds provide about 11 square Tiles of water surface area. Located
near the southwestern end of the Providence metropolitan area, the
eastern third of the watershed is a highly urbanized industrial-
commercial area. A narrow V-_nsitional zone immediP :  to the
west is rapidly changing to a suburban area. TI-e Wcvt n half of
the western is largely rural, with small vill.igeb ' " mostly
along the east-west highways. The watershed is bounvic', by the
Black;sone and Woonasquntucket River Basins on the nort', the
Thames River Basin on the west, and the Pawcatuck River Basin on
the southwest and Narragansett Bay local drainage on the southeast.
A map of the Pawtuxet River Basin is shown in Plate 1-2.

The main stem of the Pawtuxet River begins in West Warwick at the
confluence of the North and South branches and terminates at the
Pawtuxet Dam in Pawtuxet Cove. In this reach approximately 2000
buildings, including homes and commercial establishments would be
flooded to various leveis from a flood of a standard project flood
designation (maximum flood caused by conditions characteristic of
the area). For purposes of damage evaluation, the river was
subdivided into 16 zones as shown later in this report on Plate 1-
3. Damages are most significant along the main stem in zones 4, 5,
7 and 8. Damages from verland flooding of the tributaries are
almost non-existent in zones 1, 2, 3, 4A and 7A from even a
standard project flood storm. In these 5 zones only several small
shops or residence3 in each area would be flooded. Ground water
flooding or backing up of small tributaries due to inadequate
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channel openitgs have not been considered as their potential
solutions cannot be accomplished under existing Corps authorities.

Damage potentials for each of the e ,-ven damage areas are discussed
in the following paragraphs:

PAWTUXET RIVER TRIBUTARI7S

South Branch - Zone 2A

This zone, running from the Flat River Ro:ervoir downstream to the
confluence with the North branch has .;ev. .al areas along the main
stem South bra.-ich that could receive significant losses at major
storm eveati,. In addition, the American Hoescht Corporation has

several structures that could experience losses at an intermediate
flood event. The Bradford Soap Works building, Ace Dying Co.,
Natco Products building and the Nidark structure are the remaining
areas of concern should a major flood event occur. Residential
structures are relatively safe from overland fLooding. Local
concerns have expressed interest in Baker Street Brook. This area
suffers from inadequately sized culvert op,, 'Irlgs and the associated
flooding is classified as a local drainage problem.

Average annual damages in This reach are overall relatively minor.

North Branch - Zone 1A

Annual damages in the reLch of river from tlte ':ai.ner ?. C , Dam
(Scituate Reservoir) to the confluence with the South Branch would
also be classified as minor° Several areas are prone to damages
from an intermediate range flood (1% chance of occurrence). Some
flood reduction is afforded these areas by the Scituate Reservoir
Jue to just surcharge storage above the maximum water supply pool.

If the flood occurs at a time when the water supply pool is at a
lower level, even higher degrees of protection arf, provided with
correspondingly less likelihood of damages. The areas that could
be impacted are as follows: a group of cottage type homes just
downstream of Colvin Brook, Valley Lace Co., Falvey Liney Co. (all
located in Scituate), Arkwright Co. building, a group of small

commercial shops in Harris, Hamilton Auslander Co., and a
commercial complex - bus storage yard in Clyde, all the latter
located in West Warwick.

Local flooding of tribut .Les such as Lippett and Phenix Brooks
does occur but are due t,, inadequately sized culvert openings.
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Meshanticut Brook - Zone 4B

This reach runs from the 1-295 bridge crossing south of Wilbur
Avenue down to the confluence with the Pawtuxet. River just below
the West Warwick Sewage Treatment Plant. Damages in this reach are
mainly to basements of about 50 homes in Cranston and to equipment

stored on several contractors storage yards in Warwick near the
mouth of the brook. The height of floodwaters in this area is
dependent upon the levels in the Pawtuxet as backwater flooding is
very likely. In any event significant damages would not occur
until the storm exceeded a fifty year ovent.

POCASSET RIVER

Since the early 1950-s, this river has undergone drastic land use
changes. Its former usage, agriculture, has now been replaced to a
major degree by residential villages, commercial centers and
industrial zones. This is especially true from Central Avenue in
Johnston downstream to the Pawtuxet. Flood damages in the past
years have been confined to back yards especially in the Fletcher
Avenue area in North Cranston. Damages for the two zones of the
Pocasset are discussed in the following paragraphs:

Pocasset River - Zone 6A

This reach runs from the headwaters in Johnston dowr- -i' m to
Reservoir Avenue in Cranston. Potentain damage ar- Ii . r:.
follows: Portions of Rotary Drive, LaPa :ia Drive, Center Street

and Middle Street all in Johnston where many relatively new
residential homes and an apartment complex can get bascment
flooding at an intermediate range flood. Areas in Cronston subject
to significant damages at the intermediate level of flooding

include an industrial-commercial center along Dyer Avenue, an
apartment complex off Dyer Street, the Cranston Print Works,
another industrial-commercial area located downstream of Cranston
Street, a nursery off of Knollwood Avenue, as well as the Fletcher

Avenue area.

Pocasset River - Zone 6B

This area includes the Reservoir Avenue area downstream to the
merger point with the Pawtuxet, slightly below the Cranston sewage
treatment plant. The ,'.tire zone is in the city of Cranston.
Along Reservoir Avenue several commercial establishments are flood
prone as are the Cranston Press at Pontiac Avenue and the Bowermann
Construction Company. Residences and/or apartment complexes are
subject to flooding along Longway Road,
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Intervale Avenue and at Fordson Street. Problems in this zone are
influenced to a high degree by the levels in the Pawtuxet River.

Roger Williams Brook - Zone 7B

This portion of the drainage basin's damage zone begins at Park
Avenue and terminates at the Pawtuxet River. The problem in this
area is due to backwater flooding of the Pawtuxet River rather than
flooding of the brook. Some increases in stage heights does occur,
however, due to inability of the basin to discharge the additional
volume of waters. The main areas that wcv.d be damaged are the
Atlantic Tubing Co. and Ciba-Geigy as well - a group of homes in
El Durado Road.

Pawtuxet River Mainstem

Damages along the reaches of the mainstem are for the most part

extremely high. There are many flood prone properties as each
community (Warwick, Cranston and West Warwick) has numerous
structures subject to inundation from storms ranging from a yearly
event up to a standard project flood. There are in total around

2000 various types of structures subject to flooding In a major
flood. Descriptions of damages by zone are discussed in the

following paragraphs.

Zone 4

This area begins just downstream of the Natick Dam in Waiwick-West
Warwick and terminates at the Pontiac Dam in Warwick. Recent
developments at or just above the one hundred year flood level had
increased damage potential immensely. Areas subject to flooding

for all practical purposes run the entire length of the zone.
Areas of very high concentrated damages are the complex off of East
Avenue in Warwick, an industrial area in West Warwick bounded by
East Street, including its municipal treatment facility, the

Midland Mall (however, only for major flood events), and the
Warwick Mall area, its surrounding stores and the apartment
complex.

Zone 5

Starting at the Pontiac Dam this reach of the Pawtuxet proceeds
downstream where the rivet Corms the city boundary between Cranston
and Warwick. This zone en:'s at the location of the U.S.G.S. gaging
station in Cranston (located in the Pettaconset Industrial Park).
Damages in this reach are not as severe as in Zone 4. Most of the
annual damages are sustained by the Pontiac Print Works building
and the Bulova Watch Company. Both of these major firms can
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sustain moderate damage at events as frequent as a 15-year storm.
The Knight Street area has numerous flood prone structures but they

consist mainly of relatively small commercial-service type

operations.

Another major concern is this area, although not heavily damaged
from a physical loss standpoint is the Warwick sewage treatment
plant. The chlorine contact tank _,an be flooded by almost the

yearly high water of the Pawtiixeo Although physical damage to the
concrete tanks and operating equiinen - is minor, the unit is shut
down and the unchlorinated, but treatJ! effluent enters the
Pawtuxet. Between the 5 and 10 year frequency floods, the settling
tanks and aeration units can become inundated. Although the
physical losses mount up with each incremental height of water, the

total losses are still relatively minor. Of major significance is
the fact that untreated wastewater from most of Warwick enters the
Pawtuxet causing serious water quality degradation.

Zone 6

This reach runs from the U.S.G.S. gage down to the Elmwood Avenue
Bridge in Warwick-Cranston and again, the river is the basic
dividing line between these two cities. Damages in this zone are
the smallest on all the main stem with the exception of Zone 3
which has virtually none. The Jefferson Avenue Indust- Ial Park in
Warwick consisting of Edwards Electronics, Ryder Track Rental;I Co.,
and Colony Ford Co., does sustain heavy damages, wS.h t;e initial
losses starting at about a 10 year flood event. Also in this area
is a major electrical transformer sub-station. At about a 50-year

event the station would be inoperable and major rerouting of
electricity to serve its areas would be necessary.

Another industrial park, Wellington AvEnue, in Cranston has
experienced past damages from the 1.968 flood, a 10 to 15 year
event. Some intensified use of the various mill outbuildings by a
glass storage warehouse and Elmwood Sensors Co., will result in
much higher recurring type losses. A moderate sized lumber yard on
the opposite bank in Warwick is also very flood prone. Its losses
depend on the amount of immovable material in storage at the time
flooding occurred.

Zone 7

This area contains extremely high annual damages. From the
termination point of zone 6 it runs down to the sewer trestle
crossing the Pawtuxet at the Ciba-Geigy complex. Very high damages
are possible at this location, particularly on the Cranston side.
Damages would begin at about a fifteen year event. The Atlantic
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tubing complex, which can also get flooded by backwater from Zone

7B is also likely to sustain heavy damages. ThIr complex is also
located in Cranston.

An extremely flood prone residentiali area is located in Warwick.
Locally known as the Belmont or Norwood area, this site located off
of Elmwood Avenue has aboat 50 homes that would sustain moderate

damages at a hundred year flood. If a small dike, constructed by
the Corps of Engineers in 1970 with Emergency Operations Funds did
not exist the area would have been flooded annually. The dike,

which was recently overtopped, provide -'ection to about a
fifteen year flood level.

Zone 8

Damages in this zone are extremely heavy also. Flooding occurR
from either the Pawtuxet River flows or due to the heights of the
storm driven tides in Narragansett Bay. This last damage area
extends from the sewer trestle at Ciba Geigy to the Broad Street
dam at the head of Pawtuxet Cove. Other than the Pawtuxet
Reservation which is conservation land in Cranston, and about 1/4
mile of high undevelopable land on the rivers edge between the dam
and ITT Hammell Dahl Corp in Warwick, the remaining land is highly
developed and extensively flood prone. The entire south bank
(Warwick) other than the above mentioned high rivers edge i
occupied by the Warwick Industrial Park. There are about '5
individual structures housing over 30 primarily industrial concerns
in the complex. Each is at or within one foot of damage from the
hundred year flood. Two concerns could receive especially high
losses; Sealol and ITT Hammel Dahl.
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RECURRING LOSSES

Damage surveys conducted in 1972 and 1973 indicate that a flood of

an estimated 20-year frequency would have caused losses in excess
of $1,500,000 in zones 4 through 8 along the main stem had there
been no new development. Approximately 10 percent of these losses
would have been residential, 16 percent commercial, and 70 percent
industri.!, with the remaining 4 percent in the utilit-. ublic,
highway and erosion categories. Breaking these losses down by
community, Warwick and Cranston wo i-_1 each receive about 47 percent
of the total losses with the remaindt- .n West Warwick. If a flood
of an estimated 50-year frequency had occurred, the loss figures
would have risen to more than $7 million with 5 percent in

residential losses, 17 percent commercial, and 76 percent
industrial, with the remaining 2 percent in other categories.
Warwick would have sustained 69 percent of the losses, Cranston 29
percent and West Warwick the remainder.

Damages in the remaining 7ones for these two events are minor. For

zones 2A (I & 2) and 3, there is a total damage for a 20-year
frequency event is less than $28,000 and for a 50-year event the
losses would increase to less than $,4,000. As damages along the
Pocasset River (zones 6A and 6B) and Meshanticut Brook (zones 4A
and 4B) for these two events would be minor and confined mai7ly to
basement flooding, a detailed damage survey was consirlered
unnecessary. Damages for the remaining zones wer,! spof checked at
a 100-year flood level with results indicating that "os-.es would be
negligible in comparison to the potential damages along the main

stem of the Pawtuxet. Therefore, a detailed damage surey for any
specified event in these reaches was considered unwarranted.

As previously stated, the effects of the increased "upstream"

urbanization will result in higher damages to downstream areas even
without any new development. As the peak discharges increase by 10

percent by 1990, the flood stages will rise, thereby creating
higher monetary losses in 1990 will result in damages of more than
$3,648,700. If the 50-year flood were to occur under the 1990

increased run-off conditions, the losses would rise to over
$5,469,300. This is exclusive of any new construction or increased
value in machinery or goods stored in any of the existing

structures. All of these figures are at September 1978 price
levels.

Average Annual Damages

Based upon the evaluation of structures that existed during the
conduct of the damage survey and the increased runoff due to
upstream urbanization, the average annual damages by zones are
given in the following tabulation:
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Average Annual Damages

Zone Annual Damages

2A-1 600
2A-2 42,300
3 1,300
4 258,600
5 158,900
6 107 '00
7 336,70,
8 523,200
Sept, 1978 Price Levels $1,428,900

ENVIRONMENTAL RESOURCES

GROUND WATER

Ground water favorability in the Pawtuxet Ri'-er Basin has been
mapped by the U.S. Geological Survey, the Rhode Island Water
Resources Board and the Rhode Island Development Council. One of

the most promising ground water acquifers lie in the southeastern
Coventry-northeastern West Greenwich area bounded by the Flat River
Reservoir, Tiogue Lake and Lake Mishnock (see Plate 1-2) and the
other lies in eastern Cranston-southwestern Providence iroa located
between the Pawtuxet and Woonasquatucket Rivers. Both aquifers
occur in glacial outwash ranging in thickness from 50 feet. to more
than 100 feet. Small ground water supplies may be obtained in all
of the remaining basin comminities from glacial outwash deposits
(generally less than 50 feet thick) or from bedrock.

Ground water in the South Branch drainage area aquifers is
generally of good chemical quality, except for scattered
concentrations of iron and manganese. The thickest outwash is
located in the Mishnock Swamp area northeastward from the proposed
Big River Reservoir. The Kent County Water Authority obtains

nearly 3 mgd from wellfields at the southern and eastern flanks of
this aquifer for use within the basin. The relatively thin outwash
deposits within the proposed Big River Rerservoir area have been
reported to be only partly saturated with water. Possible future
export of ground water f:rm the South Branch system could result in
reduced natural discharges in the tributary streams as well as the
South Branch. Injection of treated wastewater into aquifers was
rejected in the SENE study report (see page 1-7) as an uneconomical
method for aquifer recharge within the basin. However, land
disposal by spray irrigation on appropriate forest lands in eastern
West Greenwich was considered to be a future option which could aid
aquifer recharge in the South Branch system.
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Over 3 mgd are presently withdrawn from the Crat&ton-Providence
aquifer by a major brewing company and other 1adustrial users. rt
is unlikely that public-supp.y wells will be drcveloped in this
aquifer because of the high potential for cont .mination in this
urban area the moderately high iron and chlorir'c e~cncentrations.
However, increased industrial withdrawals may be expected from this
outwash aquifer and the moderately productive underlying bedrock
aquifer.

SURFACE WAT!-R SUPPLY

The weut ern >alf of the basin (speci1% eily, the watershed areas in
the six tipper basin towns that drain into the Scituate and Flat
River Beservoirs) and tie westerx sections of Johnston and Cranston
are servel by private wells. 'rn* eastern and southern sections of
Cranston, the southwestern corner of Providence, and the
southeastarn section oi Johnston are serviced by the Providonce
Wnter Supnly Board, w.h brain All of its existing siipply (72
mgd) from Scituate Re: ervotr. Th-s reservoir is fed b- five
upstream reservoirs (Ponagansct, Barden, V tstconnaug, Moswansicut
and Regulating Reservoirs) in Glocester, 1'ooter and Scituate.
Other communities in the Prov'dene sy;;tem (all supplied by
Scituate Reservoir) az>, 1zavidenre, La.; 'rovfdence, most of North
Providence, and the southern ant (-astern sec!Aens of Iuthfield-

The Kent County Water Authority uses wells in Cnvert- tjed Fast
Greenwich that yield neazly 10 mgd and are s1-ymente I y
purchased water from Sc-. uate Reservoir, ,erv.ce . Vnrwck,
East Creenwich, tl:e soutl-ea 3ter corner of Scitv'ate, tH! eastern
section of Coventry and che northeastern corn<-:- of West Greenwich.
Supplemental supply is also obtained fron Car.- Pond in eastern Weet
Greenwich (safe yield 0.6 mgd/pev.ping capacifx' 1.2 mgd) A summary
of the water supel7 sources for the Pawt- xet )Piver Basin is shown
in Table 1-1.

Water supply demand projections by the Rhode Island Water Resources
Board, the Rhode Island Statewide Planning Program and the SENE
Study have determined that the 72 mgd sate yield of Scituate
Reservoir would be unable to meet 1985-1990 needs of the Providence
system. In addition to expansion of existing service areas now
served by the Providence system, it is anticipated that at least
four Narragansett Bay communities (Barrington, Bristol, Warren and
Warwick) will soon nc -1 supplies from an augmented Providence
system. Several lowe,, Narragansett Bay communities may also have
to obtain future supplies from the Providence system in the event
that yields from additional wells -.n the upper Pawcatuck River
Basin are unable to acconmodate the future water Eupply needs of
southeastern Rhode Islaad.
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Table 1-I

SUI-MARY OF WATER SUPPLY
PAWTUXET RIVER BASIN

Water Supply Communities Population Source 1975 Safe
Agency Served*, Served of Supply Yiel, md

Kent County Ground 9.29
Water Authority Water

Coventry 21,300
E. Greenwich 9,800
Scituate 1,400
W. Greenwich 700
W. Warwick 24,000

City of Providence Surface 72.0
Water Supply Board Water

Providence 168,000
Cranston 72,000
Johnston 16,800
N. Providence 20,310

E. Providence 49,900
Smithfield 11,220
Warwick 78,500

* Communities not listed are served by private wells.
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Recognizing the above needs, the Rhode Island Water Resources Board
has acquired the necessary reservoir lands and has initiated

preliminary design studies Lor the propooed Bip River Reservoir
project. The project would be located on the ig River just
upstream from the Routhern arm of the Flat River Reservoir. It
would produce an initial yield of 20 mgd prior to diversion of
flood skimming waters from the Flat River and other outer basin
transfers. Ultimate allocation of storage at Big River for these
diverted waters could reduce the net yield.

It is anticipated that future needs of the other communities In the
basin could be met by development of weils in the Mishnock Swamp
aquifer by the Kent County Water Authority (estimated yield 3 mgd)
and by local water supply wells near the margins of the Scituate,
Flat River and Big River Reservoirs.
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WATER QUALITY

The Pawtuxet River Basin is one of thc most polluted in Rhode
Island. Water quality in the Pawtuxet River Basin ranges from
Class A (suitable for domestic water supply) at Scituate Resrvoir
and Big River, Class B (suitable for domestic water supply with
appropriate treatment and for swimming) for Flat River Reservoir
and the upper reaches of the North aad South Branches and Class C
(suitable for fish and wildlife habitat and boating) for most of

the main stem. While at times conformation to these classifi-
cations values they remain long term goal:, as established in 1977
by the Rhode Island Department of Health. A map showing these
water quality classifications, Is presented in Plate 1-4. Although
the environmental objective of the Federal Water Pollution Control
Act amendments of 1972 is to attain a minimum of Class B waters
everywhere, economic and technologic limitations could preclude
such attainment in the lower Pawtuxet River Basin.

Water quality degradation within the basin can be attributed to

both rural and urban problems. The rural problems along the upper
reaches of the North and South Branches can be attributed to the
lack of municipal treatment facilities. Inadequate subsurface
disposal units, incomplete onsite treatment of industrial wastes
and frequent occurrence of low flow conditions contribute at times
to high pollutional loadings.

The urban problems, along the lower reaches of the North and South
Branches and the main stem are caused by urban runoff and the
effluents from three municipal treatment facilities and several
industrial and State institutional treatment facilities. Although
all facilities provide the equivalent of secondary treatment,
significant pollutional loadings remain in the discharges that
further degrade the already impaired water quality caused by the

upstream conditions. In addition, dams along the South Branch and
the main stem cause sluggish flows and sedimentation of settleable
solids, including organic wastes, thereby reducing dissolved oxygen
levels.

There are four basic future needs within the basin: 1) provision of

a regional treatment facility in Coventry or expansion and/or
modification of the existing Warwick, West Warwick and Cranston
treatment facilities; 2) addition of more sophisticated treatment
components at existing tr:.atment plants to remove any objectionable

parameters; 3) expansion of existing treatment facilities as needed
to handle future growth; and 4) re(olutton of the existing problem
of insufficient low flows throughout the lower basin. Some of

these needs may not be possible to resolve.
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Water quality sampling is conducted periodically by the Rhode
Island Department of Health. Water quality data in association
with related projects for the basin have been collected by the
Corps of Engineers and the Environmental Protection Agency (EPA) at
two stations on the main stem and one station each an the North arnd
South Branches. On the main stem, Station 1 is located at the
Broad Street Bridge near the mouth of the Pawttjxet River, and
Station 2 is at the Providence Street Bridge (Itoute 33) in West
Warwick-Warwick, just upstream of the Natick Dam. Station 3 Is on
the South Branch at the Providence Street Bridge in West Warwick,
just upstream from the confluence with the North Branch. Station 4
is located on the North Branch at the *Main Street Bridge in West
Warwick. Water sampling began in September 1975 anid continued on a
monthly basis to April 1976. The results are presented in Tables
12 thru 15 of the planning and hydrologic analysis in Appendix 4.

SOILS AND VEGETATION

Narrow bands of poorly drained alluvial soil are found in the
bottom lands along many streams throughout the basin. Most of the
adjoining lowland soil of Cranston and Warwick consists of the well
drained Merrimac fine sandy loami of the granitic outwash plains.
In the relatively low hills of-Cranston, Johnston, West Warwick,
West Greenwich and Exeter, the upland soil is prinicipally well
drained Narragansett stone fine sandy loam.

The soil in the higher uplands of the the remainder of the basin,
consists of the well drained Glocester stony fine sandy loam, which
is one of the least fertile soils within Rhode Island. Sections of
southern Scituate, southern Foster and northern Coventry have
fairly extensive areas of rough stony land of Glocester soil
material (boulders). The principal soils of the depressions in the
northwestern quadrant of the basin are the poorly drained Scituate
and Whitman stony loans. Many of the depressions in the
southwestern quadrant of the basin consist of poorly drained
Whitman stony loam where wetlands have formed.

Hinckley loam sand (a droughty soil) is frequently found in areas
where kames were formed, such as in the Meshanticut Brook section
of Cranston, the northeastern section of Scituate, the North Branch
section of Scituate, the southeastern corner of Coventry, the
northeastern corner of West Greenwich and the Foster Center area,
for examples.

Information compiled by the U.S. Department of Agriculture
indicates that dairy farming is the largest agricultural activity,
followed by poultry farming, fruit growing (orchards) and market
(truck) gardening. Considerable acreages of the lighter textured
Merrimack and Narragansett soils that were cultivated in past
centuries have been abandoned.

1-23



The heavier textured soils are well suited to market crops such as

potatoes and small fruits. All of the granite soils of the basin
are acidic and require lime for optimum yields for most crops or
pasture. Berry crops could be cultivated in existing soils to good
advantage. About 82 percenL of the land in the six western
communities is forested, about 3 percent is under intensive
cultivation and about 4 percent is pasture land. In the east about
61 percent of Johnston is forested as are 23 to 31p ercent of the
lands in Warwick, Cranston and West Warwick. About 14 percent of
Cranston is under cultivation, but only 2 to 4 percent of West
Warwick, Warwick and Johnston lands are c;'.tivated. Pasture land
ranges from 3 percent in West Warwick to 7 percent in Cranston.

The forest community in the eastern half of the basin is composed
primarily of hardwoods, with scattered stands of pines and cedars.
The deciduous growth consists principally of oaks (red, white,
black and scarlet) and occasional stands of gray birch, aspen,
black, cherry, maple trees as well as sumac, grape and bayberry.
The wooded swamps contain red maple, swamp white oak, red ash, elm,

aspen, willow trees along with swamp azalea, witch hazel, high bush
blueberry and other shrub growth. Most of the western half of the
basin contain conifers, either in pure of mixed stands. White and
pitch pine are dominant with frequent stands of red and white
cedar. Hardwood stands include ash, birch, elm, hickory, maple,
oak, poplar and willow.

The largest wetland area within the basin is Mishnock Swamp in

southeastern Coventry and northeastern West Greenwich. Other
extensive wetland areas occur along the Big, Nooseneck and Carr
Rivers that drain as a system into the Flat River Reservoir.
Numerous smaller wetlands occur along the lower reaches of the
Pocasset River in southeastern Cranston and along the western
tributaries of the Pocasset River and, Meshanticut Brook in western
Johnston and western Cranston, respectively.
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HUMAN RESOURCES

POPULATION CHARACTERISTICS

The estimated 1970 population residing within the basin limits was
180,000. Based on a basin area of 230 squre miles, the population
density was about 782 persons per square mile. The more heavily
populated eastern third of the basin contains estimated population
densities as follows:

Community Population Density

(people-square mile)

Coventry (eastern quarter only) 884
Cranston (nearly 100%) 2,603
Johnston (western 77%) 598
Providence (southwestern 18%) 8,182
Warwick (northern 23%) 2,087
West Warwick (northwestern 62%) 3,750

Using 1970 data, the average population density for the relected
portions of these six communIties that are located in the eastern
portion of the basin (162,100 persons residing In 7F.9 square
miles) was 2,054. Warwick, Cranston and West WarwA. with total
estimated population of 110,400 persons residing in 4' 7 square
miles have a population density average of about 2,611 persons per
square mile.

Information was compiled concerning residents living in 11 of the
13 comninities located entirely or partially within the basin.
Because the towns of Smithfield and East Greenwich have less than
one percent of their land area located within the basin, no
information was compiled concerning residents of those two towns.

Data concerning population, education, income, employment skills
and housing are presented in Tables 1-2 through 1-6. In 1970, 7.8
percent of the 948,844 residents of Rhode Island were foreign born
and 25 percent of the population had foreign or mixed parentage.
Roughly one-third of those ethnic backgrounds were Italian or
Canadian. British, Irish, Spanish, Portuguese, Polish and Russian
origins accounted for another third, with all other origins
accounting for the reaiinder. About 3.3 percent of the State
population is non-white. The black population is predominantly
native born, slightly more than half reside within the city of
Providence. Because community growth is influenced to a large
degree by available land, services, and capital, information
concerning population projections and community development is
presented in later paragraphs near the end of this report section.
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TABLE 1-4

HOUSING OCCUPANCY
(1970 Units)

Total Vacant Median Owner Renter
Community Units Units Value* Occupied Occupied

($) (%) (%)

Coventry 6,970 81 17,900 79.1 20.9

Cranston 27,859 1,169 18,600 46.0 49.8

Exeter 795 91 15,300 67.0 21.5

Foster 839 68 15,700 78.3 13.6

Glocester 1,620 81 16,800 80.2 14.8

Johnston 5,212 184 18,600 64.3 32.2

Providence 68,132 4,978 16,800 33.2 59.5

Scituate Z,302 119 19,700 78.1 16.8

Warwick 82 6 892 17,100 79.2 17.4

West Greenwich 6Z1 62 15,900 65.7 24.3

West Warwick 8,113 307 17,300 52.4 43.8

* Owner-occupied year-round housing (median value for Rhode Island is
$18, 200 in 1967 dollars).
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TABLE 1-5

HOUSING TYPES
1970 Units

Total Single 2-4 S-Plus Mobile
Community Units Fanlv Family F am ily Units(01) (%°) (%0) (010)

Coventry 6,970 82.1 13.9 4.8 3.3

Cranston 27,859 64.8 28.4 6.6 few

Exeter 795 69.6 4.4 2.1 23.9

Foster 839 87.5 4.8 1.5 6.2

Glocester 1,620 84.5 9.4 - 6.1

Johnston 5,212 74.8 22.5 2.4 0.3

Providence 68,132 21.7 57.9 20.4 few

Scituate 2,302 86.9 10.7 1.0 1.4

Warwick 25,826 86.0 7.9 5.7 0.3

West Warwick 8,113 46.6 40.0 13.4 few

NOTE: The majority of the 621 dwellings in West Greenwich are single
family structures, but detailed breakdown is unavailable.
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TABLE 1-6

HOUSING VINTAGE
(Period Built)

1939- 1940- 1950- 190 0

Community earlier 1949 1959 1970

(%) (%) (%) (%)

Coventry 29.6 10.4 22.9 37.1

Cranston 48.4 12.5 0.4 18.7

Exeter 23.4 10.7 23.8 42.1

Foster 49.5 11.4 19.7 19.4

Glocester 41.4 11.7 18.0 28.9

Johnston 39.8 11.0 24.4 24.8

Providence 80.7 7.5 6.8 5.0

Scituate 37.0 9.4 24.6 29.0

Warwick 34.2 14.8 29.7 21.3

West Warwick 55.3 8.7 15.8 20.2

NOTE: Data for West Greenwich is unavailable.
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Population projections for the 'egtoii were developtc in 1972 by the
Bureau of Economic Analysis of 'he U. . Department nf Com..*rce.
Based on this data, it is pr4,,ected that the pcp t;a-lon density iu
the upper Pawtuxet Basin will increase from 315 people per square
mile in 1970 to 540 per square mile in 1990. This growth is
expected to result in a 50 pcrcent increase in Impervious cover
from about 8 to 12 percent, and result in a 10 percent increase in
peak discharge. At least a comparable percent increase is expected
between 1990 and 2020. It should be noted that some population
figures and densities in this section deal with the entire basin,
while others deal with the headwater tributaties, Meshanticut Brook
and the North and South Branches only.

DEVELOPMENT AND ECONOMY

EARLY DEVELOPMENT

Prior to the arrival of European settlers, Rhode Island was
inhabited by five Indian tribes of Algonquin (Algonkian) stock.
The Narragansett (Nahiganset) Nation occupied most of the
"arragansett Bay - Pawtuxet River Basin area, with the Niantic,
Nipmuc, Pequot and Wampanoag tribes occupying surrounding areas.
Except for skirmishes with rival tribes, the Narragansetts were
peaceful farmers, hunters and fishermen. Historians have
documented that European navigators explored the Narragansett Bay
area in 1524 (Giovanni da Verrazano, an Italian sailing for France)
and 1614 (Adrain Block, Dutch navigator) with the poc'1iity that
Miguel de Cortereal (Portuguese navigator) sailed along the
entrance to the bay in 1511.

The first European settlement was established in 1636 when Roger
Williams fled the Massachusetts Bay Colony is search of religious
and political freedom. He established a new colony at Providence.
Most of the northern half of the present State of Rhode Island was
purchased by Williams from the Narragansett Indians. This area
extended generally from Massachusetts on the north to the northern
border of Coventry on the south, and from Connecticut on the west
to the Blackstone River on the east.

Settlements in other sections of the Pawtuxet River Basin soon
followed. In 1638, friends of Roger Williams settled an area at
the Cranston side of the river mouth known as Pawtuxet Purchases.
A third settlement was 'ounded in 1642 at Shawomet at the head of
old Warwick Cove in Waiwick, when another Providence group
purchased land from the Mishaomet (Shawomet) branch of the
Narragansetts. Coventry was established in 1643 as part of the
Shawomet Purchase. Although not documented by specific dates,
settlements also occured within the present towns of Glocester,
Foster, Scituate, Smithfield and Johnston, as part of the expansion
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of the Providence Colony. At the southern end of the basin, Exeter
was part of a colony established in 1641 (now calld North
Kingstown) that was incorporated in 1674 as part of a larger area
known as King's Towne.

All of the Rhode Island colonies maitained good relations with the
Narragansetts until 1675, when the Narragansetts joined forces with
Philip (Metacomet), chief of the Wampanoags. Philip believed his
tribe had received unfair treatment from the Massachusett8 Bay and
Plymouth colonists. Many white settlers and Indians were killed
and towns burned during King Philin's t-'ar until Philip suffered a
major defeat in the Great Swamp Fight (1675) in King's Towne. He
was killed the next year near Mount Hope (now Bristoi), a village
southeast of Providence. In 1677 following the war, the town of
East Greenwich was incorporated. It then included the present West
Greenwich area.

During these early development years, the coastal region offered
fertile farming and grazing lands. Slaves frequently worked the
fields as a result of the molasses-rum-slave trade that had
developed at the nearby Rhode Island ports of Newport and Westerly.
All Af the scattered villages within the basin were principally
agricultural communities. Most products were handmade. Early
industries included gristmills and sawmills at a few waterpower
sites and an iron foundry in the southeastern section of Scituate.

Limited mining of bog iron ore, soapstone and granite occ.urred in
the Cranston-Johnston area. Industrial development lid not occur
until the early 1800's, after the development of textiie and silver
plating industries in the Providence-Pawtucket area to the
northeastward. A small fishing industry developed in the Cranston-
Warwick area, but the seaport of Providence served the commerce
needs of the basin, as it does today.

During the early 1800's, numerous waterpower sites were developed
for the manufacture of textiles in Cranston, Johnston, West
Warwick, Coventry and the southeastern section of Scituate.
Jewelry-silverware industries also developed in Providence,
Cranston and Johnston. Over 30 small villages developed around the
industrial sites along the Pawtuxet River, the North and South
Branches, and along the Pocasset River. Subsequent development of
fabricated metal industries occurred in Cranston, Warwick,
Providence, Johnston, West Warwick and Coventry.

LATER DEVELOPMENT AND URBANIZATION

During the Industrial Revolution, the western sections of Warwick
were settled near available waterpower sites. Similarly the
eastern section of Coventry and the southeastern section of
Scituate were settled at that time. Attracted by cheap land and
the availibility of water, weal:hy families built textile mills
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along the river attracting workers to the area. Separate villages
grew around each major Croup of m-ills and became more or less
independent communities. Each set of mills was worked ptimarily by
members of one ethnic group and besame the economic center of a
community with a distinct ethnic ']lavor. As employers searched for
cheaper labor, British mill workerc were displaced first by the
Irish, then by French-Canadians, Polish, Italians and most
recently, Portuguese workers. New communities, established through
sheer number, developed organizations such as the ethnic church,
encouraging a sense of separateness long after the residents spo),e
a common language and had ceased to be competitors. With the mills
offering secure employment, population ;n the area concentrated
around them. This growth of local neighborhoods was sufficiently
strong in later years to preclude the development of "downtown" er
central business centers in the basin communities, except in
Providence.

During the period betwco' the Civil War and World War I, the lower
basin area prospered and the nearby Johonston-Providence villages
along the Woonasquatucket River, the Warwick-Coventry-Scituate
villages and the Cranston villages along the Pocasset River and the
lower main stem also continued to grow steadily. In 1913, the
industrial villages of Wanick alon the North and South Branches
and all of the industrial villages along the upper main stem except
Pontiac separated from the main area of Warwick and formod the
separate town of West Warwick. West Warwick was industI-rial, while
Warwick remained largely a series of unconnected agric111!,ral. and
recreational villages in a less developed atmosphere.

Although the area economy propsered during World War I, the
extensive textile industry in the lower basin communities started
to decline during the 1920's because of competition from the many
textile firms that had moved to the south. During the national
depression that prevailed during the 1930s, there was relatively
little growth within the basin. The major waves of immigration had
ended and there were limited job opportunities in the basin.

A turning point in the regional economy occurred in the early
1940's during World War II when a major economic uplift was
experienced, especially in the mills that could be converted to war
material production. A shift toward many new industries occurred:
electronics, precision instruments, electrical machinery,
fabricated metals, pladics and synthetic fibers. In addition,
many new jobs were crea'ed at large naval installations at nearby
North Kingstown (Davisville and Quonset Point) and at Newport Naval
Base. The extension of the State-operated public transit system
into the Providence suburbs and the trend toward commuting by
automobile were significant factors in the postwar growth of the
lower basin communities.
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Although Providence is still, the -tire t , t,, (anproximately
180,000 population) and the . . . pl-a-. C" ew,.!oyr" -it
(approximately 131,000 jobs' wilt n :he 'tate, two co:litdi ns have
developed since 1950. One Is l- rl ward mgrati'. of residents
who prefer to live in larger- homes on larger 1c,,s within the
suburbs. The secord ,; the *.!vrcasin, _ availability of large blocks
of vacant land within the city which ;!egates the expansion of
existing indt,3tries or de-'alopmnt of new jadustries that us ally
require sizeable single-floo" plaaiu: l o,' efficient operation- This

second condition was partially offset ohlin!. the mid-1960"s by
converting a rundown warehouse area it ii ?eo-dwat, rs of IMashapaug
or Roger W.11tiams Brook in sout.Fwestern Provdenca inte a modern
industrial park that is cuvrently oortyfed b) Jewelry, footwear,
plastics and printing firm;.

Population growth figures (1950-1970) for the basti communities and
population pro ie :tions for 1991) and 2020 are shown in Tal 7 n 1-7.
Excluding Providence wbhIi "ot nopulation (t;9,00c) between 1950
and 1970, population in the nther ten r:fmmunities listed in the
table incteased from '-50,;'72 in 1950 to 247,'49 in 1970,
representing a 6'4 percent increase. Betwee. 1950 and 1970,
population do.bled in the --stern se t f' Coventry and
Scituate, neahy doubled in Watwick .nd Iohnston, increased by one-
third in Cransto and by one-fHf;h in densely popu'lated We, I
Warwick area 4.ncreasad. t',pt for the older, denr'l ,-: s, i!' hed
sections of eastern Tohaston, eastern Cranston, nor..horn 1-i..ick,
and western 1Vest Warwick, the lower basin area attrave m-ni.n new
residents to the broad open areas available for tract development,
the accessibility of a gooa highway system and the desirability of
suburban living cle)se to Narragansett Bay. Although only a few
pockets of new residential growth occurred within the Pawtxet
flood plain, two massive shopping mails (125 stores) were built in
the Warwick flood plain; and a number of manufacturing and service
industries were built or expanded in the Warwick. Cranston and West
Warwick flood plains. A summary of 1970 land use in each basin
community is presented in Table 1-8.

Although the lower basin has experienced substantlal industrial and
commercial growth since World War 11, Rhode Island has generally
experienced substantially higher unemployment than the national
average. As shown by Fi-are 1-1, Rhode Island has experienced only
one boom period since Wo-i' War I, the period between 1.965 and
1970. Since World War V' however, the State has endured four
major recessions: 1948-1,6I, 1953-1955, 1957-1959, and 1974-1976.
During the most recent -cesslon, the Rhode Island unemployment
rate remained roughly tw!.:e the national average, Rhode Island bos
been a marginal producer, quick to teel the effects o2 oconomic
downturn and slow to reap the benefits of prosperity. Until recent
years, there has been a preponderance of small manufacturing firms
with limited resources and growth potentials. Also, Rhode Island
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has one of the lowest educational attainment levels in the nation,
which has restricted many residents to low paylng Jobs. The lack

of public services (water, sewerage, power and transportation) fr
much of the acreage zoned for industry has also been a restrictiL1g
factor.

As shown in Table 1-9, textiles an] jewelry-silverware have
continued to be major ind-stries in Coventry, Providence, Scituate
and West Warwick. However, trade, diversified manufacturing,
government (including education) and service industries represent
the major employment classifications ' - most of the other basin
communities. The city of Providence, ms shown by Table 1-10,
continues to offer the principal employment opportunities for most
basin residents. While substantial employmcnt opportunities are
available in Warwick, Cranston, West Warwick ant Coventry, many
basin residents commute to jobs in the Providence, North Kingrtown,

Newport and eastern Connecticut areas. With the phasicg-out of
Rhode Island's major naval Installations at North Kingston and
Newport in 1972-1974, 2i,,000 military personnel and 10,000 civilian

jobs were eliminated from £he economic base. In addition to the
loss of primary jobs, economic hardshops were generated in
supporting industries such as retail trade and services. Some of
this loss has been offset by the :itiiarion of a portion of Nort!1
Kingstown facilities for the construction of nuclear submarines by
private industry. This should result In several thousand skVIled
jobs for metal workers and machinists. State and lo(a7 officials
are endeavoring to attract additional private inductr- io the area.

While all of the lower basin communities have scattered attractive

residential areas, urban sprawl has radiated outward from the
earlier mill villages. Some commercial development has clustered
around these older villages, but ortensive commercial strip
development has occurred along the main thoroughfares. Within the
past 10 years, two major shopping malls and two large shopping

centers were built along or near the main stem in Warwick, making
that area a regional shopping center for over half of the State.
Several smaller shopping centers have been built in other
communities.

Most of the older industrial development is located at existing or
former waterpower siteb along the main stem and many of the

tributaries. More re. :..tly, industrial growth had tended to be
more clustered as stril, development along service roads or
railroads, and more recently in industrial parks.

The Pawtuxet River Basin is well served by all types of
transportation. The Cranston-Warwick area represents one of the
major hubs In the Rhode Island highway network system. It includes
1-95 (one of the principal routes connecting New York, Providence
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PRINCIPAL EMPLOYMFNT WTTHTN EACH COMMUNITY

Community f_. ploynicnt ..lassifications (1) (

Coventry Textiles, ti, g.. snient, electrical wirtc and connetors,
chemicals, glass containers.

Cranston Trade, governrent-t, .;ce industries, ccrstructin' . iood
products, chemicals.

Exeter Government, trade, service industries, transportation and

utilities, fabricated metal products, agriculture.

Foster Governmne-:.t, service industries, 1.-ade, agriculture,
(no manufacturing).

Glocester Governrnet, trade, -ervice industries, agriculture,
transportation and utilities, -onstruction.

Johnston Trade, government, ,ervice industries, jewelry and
silverware, textil.s, fabricated metals

Providence Trade, jewelry and silverware, goverrrm,':' , finance (3),
service industries, fabricated me'als.

Scituate Textiles, governmenL, Irade, service industries, con-
struction, agriculture.

Warwick Trade, government, service industries, machinery, elec--

trical machinery, fabricated metal products.

W. Greenwich Government, service industries, trade, construction,
agriculture, steel products.

W. Warwick Trade, textiles, government, service industries,
scientific instruments.

(1) Listed in order of total employment.
(2) Government includes municipal educators.
(3) Finance also includes insurance and real estat..
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TABLE 1-10
TOTAL EMPLOYMENT W .TtIN EACH COMMUNITY

Labor Percent Percent Total Employment

Community Force (1) Female Male within Community (2)

Coventry 12,609 27.1 72.9 4,658 (1972)

Cranston 31,210 40.1 59.9 16,713 (1968)

Exeter 2,1-20 49.1 51.9 211 (1971)

Foster 1,86. 51.0 49.0 226 (1971)

Glocester i,662 51.1 48.9 625 (1971)

Johnston 13,038 28.3 71.7 3,631 (1968)

Providence 58,091 33.8 76.2 1!0,832 (1972)

Scituate 5,520 51.7 48.3 920 (1974)

Warwick 36,312 (1) 33.0 67.0 2. '.00 (1974)

W. Greenwich 734 33.7 66.7 49 (1973)

West
Warwick 15,569 29.8 70.2 6,159 (1971)

(1) 1970 civilian labor force data, except 1974 data for Warwick.

(2) Estimated manufacturing employment within the river basin limits is as
follows: Providence (6,200), Cranston (6,000), Warwick (4,300) and West
Warwick (3,000).
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and Boston), 1-295 (the soun'.e -tern end of the outer belt highway
around Providence) and to high-speed connectors (RI P-37 and the
connector to the State Airpo.- in Warwick). At Warwick, 1-95
swings so, thwestward through _iz southern basin comnunites of West
Warwick, East Greenwich, West Greenwich and Exeter. Other
important routes to the south, U.S. 1 and RI routes 2 and 4, all
connects at Warwick and provide access to the lower Narragansett
Bay and South County summer vacation areas.

The northern part of the basin is served principally by U.S. 6, the
primary east-west route between Hartford and Providence. It
connects on the east at Providence with 1-195 which services the
Fall River-New-Bedford-Cape Cod area. This route connects on the
west with the Connecticut Turnpike and 1-84. The northeastern end

of the basin is also serviced by the southern end of the Providence
inner belt highway (RI route 10 and 1-195). An extensive system of
secondary State roads serves the other sections (,- the basin.

The basin is served by approximately 120 contract trucking firms
that have major teminals in Providence (about 4 miles north of the
river mouth) and East Providence. Some of these firms have
additional teminals in Warwick, Cranston and Johnston.

Four interstate bus companies, with central terminals at

Providence, provide rceg.ar runs to Boston, southeastern
Massachusetts, Worcester, Spri.tield, Hartford, New Haven and New
York City. [nterst:ao bus runi within the basin are operated
pri!icipai!, ilong 1-95 id , ', 6. Regional bus service is
pror'ided 1, The lt-.oper-tod Rhode "Island Public Transit
Autho :ity. which hs r c:olar r, is from Providence to Warwick,
Cranston, Johnst -i, We;s .. rwi.k and the Washington section of
Coventry. Add'. i.- '*. , zervlce is provided between
Cove,try ,1:d Wax' , ' .. ,w,, :xeter and East Greenwich.

Bulk -;er,. ,: i. !roived by ConRail, which has a major
freight tt.inal ii Providence and tmali. freight yards in Cranston
and Wan, -.. The main line ext#ends from Providence southerly
through Cranston, WarwiK and 'tev'] (RI) and then westerly to
New Haven and New York. Two branch lines extend from Cranston, one
to I,-- vicinity of the Pontiac Section of Warwick and the other to
WE-.t t'rwick and the Washington Sectio'n of Coventi-y.

Regular pass'rnger servi,, to Boston, New York and Washington is
madr by Amtr t, r,tns along The main line.. Express runs stop only at
Provicence. Othec runs 4nc.lude stops nt. West Kingston (in South
Kingsto'' an d at Westerly.

Most Ae tr passenger dn,i i_. Ireight needs of Rhode Island are
han,',- ._ the State-operated T.I . riten Airport, located near the
cen: ... 4arwIk, Regular passenger and cargo service is provided
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by five major airline,; that )peof e ovc, HO) f - t j -..i:' at the
airport. Charter service i:, pruv;.ded at Warwick and also at the
North Central State Airport, loeted along the Sithfl:(id-Lincoln

line about 7 miles northwest of 2 -ovidence.

Most of the waterborne commerce ne i - of tc basin art ..- . h
the nearb) i',ort of Proviaence, wh.:S1. ;as a 40-foot dep ,i sh-.',
channet, :he port h;3 21 3er nn-- 15 cargo and oil teiri .il-,I

Providen?4e and 6 oil. -eriainals :n i. - rovidene. A few
commercial *ishinc ,olts (sV]lfish ,rt-rat, out of Pawtu-, ,o.
(at the rB1v'r mouth) ')r out of Old Warwick Cove (at the
no..ea.; rn end o: Greenwich 5t'.., but their (-.tches are ,s:4 j'.%
unloaded at Wirkf-rd Ularbor or otro.r harbors.

LAND IJSE

Covelt y

Coventry is the ',e't cwa i, tlie .,at, r-[th 62-25 s.':uar, mi )le,
of land. itiough th, : 19./0 tc r. opufatio- w0.s fairly high F.
22,947 Dersoas, the p.pui t:-o'i d Is fairly low. at 3() p.rr -- )s
per square mlIl. Coventry !s. grr-n; very rapldlY, esidcn I by
a 132 percent in-reaso in ie' p ,. two decadi'so

Coveiitry '. is less than cne per',.nl- f i , l - ,i :t ',,).
coirmer,-iAal tand wi,i.e tli|a ,trni'¢ a i -,he ,: , :. ./- , a

much. However, since Co.,en.ry is 1..' tifnv-s " . . v.'ra,,
town ik the State, the ore p !; enI util invnrci -- i' ,x 1 ie
amount nf land. There are I01 ,,iees of hea.,' indist.-' < d,.
acres r,,' light industrial and (ominereia.].lar Nin" i."i:,t C:t 1

town is in residential land torpar-d to !oun",v ,Tud iiate figures ot
1f and 13 per,,nt respertlvely,

Only 7 percent of Coventry is in agri'i.ture; . percent fo in
tilled land, and 85 acres are in cranberry bogs. Tbree-quarters of
Coventry Is forested while the State averages 59 percent in that
use.

Cranston

Cranston is part of tl,!, Greater Providence industrial and

commercial cowplex whi.h includes Fr:,vidence, North Providence,
East Providence, Pawtucket, Central 'alls, Waruick and Ilest
Warwick. This large industrial and commercial. complex includes all
the high density population towns In the State except Wnc,'iocket,
Middletown and Newport. lWheroas Providence, Centrol Fa!ls and
Pawtucket are all losing people, Cranston has Increased ft:"
population by 33 percent frobi 19'0 to 1970. its population was
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a ndi it, 1) ~'J~~ per squarc, nf le.

p1 :,_-ent Jr.tto I ic. -;t-lal aocl commercial land while
PSI-1:e has only 2p--rcen... f- -,vv induistry covers 166 acres of

n t:I I'.i~o !:!-ry Iotr on 169 acres. All kinds of
AC 'ijO 1a -!,,d oo ac--s in t , town, so Cranston has

:'early twice n. rii!- co'-swir- ial lan-d &.; industrial land.

,went ,-vstn erce-i tlbe iwn iseix~i1 A very large 57
:-'. t 'I, r> -nrial 3,.i rrie oc-fash",ned, high density

type i' hhokufo-NI o Ots wl' 50 eCt of Street frontage. Th ir ty--
~ ~wa o* iorn !.a InI j.,,; the tm ed-i -) density type

~hiie 'he res:- or t~'~iz types.

~or a -a tr Iy -, ,;it. p C 0t Cra n.s t n n s 21. percent of its
a ,r, di i a in I i I , t r 1111 eo ne y i s !<.1.11 tilled. This
open0 gracsi si z .* t,) r;_cenfC' qua'.ity of the city.
%r7.'_y-ni9 'no 'W'' S. -,:. 1 ercert 1 wetland. Fifty-
ivi: percent t. <, t -rtcoc ,- wetran,.lr, so for a

1f. pop 1111'od -iv, Cr- 'n~ a latrge ammmut of green space
7 le. ; Ii -- to -cr,'n:e ro g--nw a- It has in the

p-ast hecause -,t i, r ot -1i'c-Providen-e area, arnd yet it
_. r alea' rI.' to e- prese-t inhabitants and~

Ltracrt o ers

-~i ; P ''.t E tie with 56A( rcuv(are
wrl:ao> - 'a.r -. ith 86 percent of :tsR
i a ir-, Park and Beach Pond SI-ate

- ii'nof 3,745 an:, a population
Tetown's population

Trhe J~ r".111-- I I I ;II . o mU.cn 4.:'C.i~a1 land in
Exeteor. All rf f e rrr * - i I-.cirhway ,on~merc:,'al, Only 2

j-c'.'-entof '~-~: ' r ~t Ji-'ce'e~tperrentage of

IN. e< on t - . 0 :> uo? and more Ziton onel-

a ~ ~ 1 .1 a *~p rt Eyeter-s $~-percent
<ct o u' '~v~ .~~ e a ;-earvl,, yoref-ed

10 .1. <Y , 7 1 1 th' -n. onen .- ater or wetland but
97 o :c r, o it-i t-c" a<*. ost, farm anc; wetlani.



Fk ;ter

Foster is also a large tow'i w th S2.28 sqn1 ,.. w, A P,1 land, bu. -t
has the second lowest popil:it Ion dens it y i c i, o au '.lh v,0
persons ner square mile,

Industrial and commercial land occupics b %t - oaf. .'rc(nt ri:
the land area in Foster, Z -d all uf it I!; light Indut,
highway commercial land. Coster .,onlv ' percent al
residences and nearly all of that .- i,- density r I.Ln-'n";l.
The largest type by far is clustere, rAd.onces on f..-rra arl
forestlands. Foster has one percent o-: !ts id in ,
recreation and all of this is occupied iy gu1' course-; Pnud golif
driving ranges.

Farmland covers 8 percent of the toWn; mos: ,t LhJ "t 1a 1,1(ad
abandoned field. With only 889 acres of t:-i 0 land :riru-turE
is not important in Foster. Foster is i. iV fore,;Lct with 86
percent of the town in this ise. 1Thre pe.,t of 1ostcr is opei-
water or wetland. Ninetv-sevcn per-en' -f Icter is in farm,
forest or wetland. In .. "rat as hea. :,: t jrU ,_ihcc
Island, it is astonishing t :-r-d i.., , ', . o.u v:,4ld to-!Stlarvd
that located in thte wester i :,rt. A].' i:-; , !e- Corn f:
located within 30 miles of Createi- Pr ,mc- 'ie C:' 'o'e2 c :,'.
industrial and commecial complexes -:rn thtv rast - '-1

Glocester

Glocester is a t(own juj.1 ;-kir tct, H I , Fij , Le:'
is large with 53.54 3qua':, t i-. ... &o 5, o
and the population densi.ty is Po ,ersors 1.1'11'c
Population in Foster incre-ased bl. perxn--t ki " ,-,. 0
while Glocestor's population increased - r cr1-en. ',t \4ith s")
low a populatio, base t:o begin with, ne.:1 -u 1s. growil-:- ,-er:
fast. Less than one percent of the toa, i - in 41iiu,;triai or
commercial use End, like neighboring Foster, GiceEtw-.: has no hea ,'
industry. Only 4 percent of the town is in rn',denttaj land and
most of it is in medium and light densfty tyjTes.

Agricultural land occupies 7 percent ot Glocester, incbuding 266
acres of productive orchards. 'Eighty-lour percent: of the town is
forested; only three towns in the Stat, have a hishcr proportion of
forest. Four percent. of the town Is open wa,We' and onc percent i '
wetlands, so that 96 percent of the town is torest, farm or
wetlands. Unfortunately, the acreage of farmland .i both 7,1'3er
and Glocester is rapidly declining as -:vidented by the amoint. of
abandoned field in both towns. BoJh towr, need to (o eeth'ai-,
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*-Ipy i.a3 tO enco'ias;, h '.t hu t l 1 and becau se t he

sceg. i c , 11, d ty ald HI r : LscL n capic.:fl of both to'ns
tIend he av iy on a A! I,' farmlant' ymresenL.

,ohtls ten.

,o V.!.o, i, s located on the frin e cf the Greater Providence area.
!t has 2 .31 square mlies of lai. The population %as 22,037
po's-ns and the population density is 906 persons per square mile.
i cpu!ation n Johnston has increased by 86s percent In the past 20
years. it is an urban town which serves in part as a bedroom
Smmunity for the Gr.ater Providlence area. Johnston Is very

.:mi lar to Lincoln in this and many, other respects. Two percent of
,,hast ;i is developc-d for industrial and commercial use; one-third

1)f 'his lanc is industrial land and 38 percent of that is in heavy
industry. Most ol the commercial land i, highwa.. commercial land.

.,es dences occupy 1.6 percent of the town"s area while the county

..."-,,gs 14 perccrtt and the State averages 13 percent in this use.
Twenty--six perceIi: of the residential land is the old-fashioned,
;,., de'nsity type wi!.h 90 feet of street frontage. Fcrty-one

,-rre-it is of mediim dewsit- w*th houses on one-quarler and one-

' .it a'cre lots anI most of the rest of it is clusttred residential
land in farm and .oastco- i aoas.

" [ne jerceni oi It,. siton i ii agre-1i ve wi h ]e.;- tihan one-half
'.F it is .I'c ' ''-e nc ' i wied land, orchard and

,. ,)it',-c. Ul if t'e to: forested end 7 percent
,a .r or 1 -r. ! p . - n mininf or waste

4 ~b'.,,al a'eat ind ,os • .; -n "r grave . No other
own Jn the t,; . - a, :nh autno e du-:. The U acre, in

,,' con..-. ,-. ,-%f alt the automobile dumps In

Lncat-i' at the hb -f a ., I te i l.u|.' ,ial and iomne 7Tal cities,

?rol'idence is the most poiuiu z y in the State. The city had a
197() ponulation of 1 9 A cur, ns and a population density of
9,1f: persons ! >v oqi..-! i:. Provldence Jost 17 percent of its

poru 7,tion from !)"0 ?c 9Sf) ard 8 pe. :ont fr . l('3 to 1O70 for a
tota loss of )'

, tcr. for the two decades. An analysis ot
cur0tY1 and use in Provi.dence may give some insight into the

reasons for the po-ulati.7n los:3etn.

With on 1 -). 10 squara mil es o J nd, Providence still has more
heav,' industry than any other cify in the State. Eighteen percent
of it. land i- either industrlX' or commercial and 29 percec.t of
the-s is in heavy industry.. Lj.g industry occupies 21.8 acrts.
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Urban core commerk'-la land oc.(upircs 1,, % acres In Providence and
this account.s for 3-'. p:rcent of all of this type in the State.

Res'dential landi covers ,' percent of the city and nearly all of it
is in high density types like garden apartments, tenements or town
hou-ies and high density houses on lots with 50 feet of frontage.
Mining and waste disposal occupy very little area in the city while
outdoor recreati.)n covers 5 percent of the land area. Golf
courses, athletic fields and urban parks account for most of the
recreation land. Cemeteries are much used in urban areas for
recreational purposes, and Providence, with 275 acres of
cemeteries, has more cemetery space chan urban park space.
Transportation land covers 10 percent of the city area; water
transport facilities and superhighways make up most of the
transportation type. Urban open, urban public land, and cemeteries
occupy 12 percent of the city,

One percent of Providence is in agriculture, 4 percent of it is in
forest, and 6 percent of it is in open water. Most of this open
water lies in the Seekonk River above the Interstate 195 bridge.
In this city there is not much open green space; agriculture and
forestland together only make up 5 percent of the city. Outdoor
recreation adds another 5 percent of open space but much of this is
athletic fields. The lack of green space and the 28 percent loss
in population in thk- past 20 years may well be related.

Scituate

Scituate is a very lacge town with 55.06 square miles of land, a

populati.n ot 7,499 ani a population censity of 136 persons per
square miLe. Population growth has bieen 92 percent in the past 20
year!,.

Les. than ,miu percont of the town is In industrial or commercial
ust and only 6 percent is residentia-. The majority of housing is
mcdium and light density in keeping with the low population density
of the town. Only 6 per-cent of the town is in agriculture, but 75
percent is forested. Twelve percent of the town is open water in
the form of the Scituiate Reservoir. Ninety- three percent of the
town is in open green space and.open water, and it is likely to
remain so because of the extensive reservoir land holdings in the
town.

Warwick

Warwick, a city of 83,694 persons in 1970, is the second largest
City in the State but it i!; still less than one-half as large as
Providence. With 2,264 pei ins per square mile, it i eleventh in
population density among the ' c) towns and it is growing rapidly.



The )piiLation in War.:'. ! , by 2 , per;.:eut In the past

Y a; yrs.

!XMr', ;,k his 9 percent c it .. tn induttrial and commercial

deft1pment. Twenty--seven per eit ot this :s induStrial
de'-:opmenr, but only one-fiftn of it is hevtvy industry. Most of

the -amercial land is highway commercial and shopping center.

Warwick has considerable industrial and comnercial dcvelopment but
little of it is unsiightly heavy industry and little of the

(ommercial land is urban core commercial. Thirty-eight percent of

he ;.awn's land is in re.identl. development.. Tils is the largest
e:ccntage of any town ii: the county, Forty-four percent of the

ret.idtntial land is the '(gh density type on lots with 50 feet of

otreel, or ocean frontage. This old-fashioned type occurs in the
3lder parts of cities and as cottages on the ocean. Forty-four

percent ;i of medium den-ity with cne-quarter an7 ,one-half acre

lots while the other 12 percent Is spread over a.: the light
:cnstty types. Four percent ol the town is in outdoor recreation.

T1I, largest type is golf courses, but there are saltwater beaches,
narinn,:, playgrounds, athletic fields, amusement parks and urban
,aku. Warwick has ihundant outdoor recreation developments.

. .*W:ural /and oczipi:s 9 percent of Warwick's area; 3 percent

Sile fie'AJ while 6 oercent Is in abandoned fields and

, From a s:p'nic r.e.nt of view, the city will- be more

* ', -'t in .t':, abe:d i tho farmers are keti on the land and
.as , aal., -, ,orw up into forests, Twenty-

.;.' 1,3 presintly ,,rested, consi-derably below
, i4u- -)f 5 1",reeuIt,'- percent of I:he ci tv land

,.: -,p w,. per:'t in freshwiter wetl,'n-d e'nd one percent
i ~.. I '~ .t ,.1 Tie agric,:1't:ral land, fn-est and wetland

r-i, I :;Mi-.'1ed a'. oDe space for Lt scenic quality

.'.i .,..3i squa.' -i 1*--i land. Tt has the second

:.o-.st. npc,.t Lrn of anj town 'n rh. 'State with 1 ,841 inhabitants
..id .,. h 3'6 pe s:, p~c ,ca.- . im l. It has the lowest population

I the. _ate.

1h.. . ., , :). . a,-e, 1, ,,id:.i>- ial and commercial development
-_.t the t-.i-d ,is i. :,'esideneen. Only Foster and

,22., . . a ?'i. t,: ,i ti-.. town area in residential
ani. .w,: h.-is 4UC a; nining and waste disposal

,'n(' ,.- ' ,r.:nt c : h:t , gl..i 4an There are 22 acre8 in
d!ump ,. 'i :.Yes .a auto-nnbii e d4amp,

i ont C)*:he town ar. a iF. igricultitral land and 4.1'
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percent of that is tilled. The town had a larger proportion of its
area in forest thai any other town in the State--88 percent.

West Warwick

West Warwick is very small in area with 1.21 s;quare miles but its
total population of 24,323 Is fairly large and its population
density of 2,963 is the eighth highest In the State. West
Warwick's population has increased by 27 percent in the past 20
years.

Seven percent of the town's area is in industrial and commercial
development, the highest proportion for any town in Kent County,
and 153 acres of this is heavy industry. West Warwick has 36
percent of the town area in residential lind and one-third of that
is high density residential land with houses on lots with 50 feet
of frontage. A little more than one-halt of the residential land
is of medium density while the rest is spread over the light
density types. Only 0.6 percent of the town is in mining and waste
disposal but 15 acres of it is in automobile dumps. Only 2.7
percent of its area consists of developed outdoor recreation and
golf courses compose most of this.

For a town with a relatively high population density, there is a
high percentage of the land in agriculture (1.3 percent). Only 2
percent of the town is tilled while the remainder of the
agricultural land is pasture and abandoned field. The percentage
of land in agriculture is the same as for the State as a whole, but
the total amount is small because the town area is small.

Thirty-one percent of the town is in forest, 3 percent is water and
one percent freshwater wetland. Including agricultural lands,
forest an; ,.-n:land, West Warwick is nearly one-half open green
space; f!)- k town with a population density of 2,963 persons per

square mile, that is a large percentage.

OTHER RELATED PROBLEMS AND NEEDS

This section presents other problems and needs that may possibly be
interrelated with the flood management program of the Pawtuxet
River Basin. Such an assessment has been made of the most pressing
problems and needs, which are briefly identified.

WATER QUALITY

Present quality of significant portions of the Pawtuxet River Basin

precludes or impairs the u'.e of basin waters for many purposes
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id~ inc--I ii ? Hi [f:e I abi tit public wat r

E! 1 Zty I t 1, 'xatrTh. i 'aried. The tipper reaches of the
-i an.< S--nth Branches are ";3' " water whereas the lower
li. -7 the mat stem Pawtuyer Pjver are designated as Class "C"

(Othtr than Cranston, Warwick and West Warwick, most of the
,3tor-;hed romains tn'rewer.pd. Expalnsion of sewage treatment
faci -1 tes 1In Cr -nqt oA I 14c, Ws t Urwirk to 11 de an average of

1,.-and 1 . mg!'d, -'spec,-tvellr, ha,-e been coirrIeted. In Warwick
'-he;-'! only abou't 20 percent of Iie cit ' populalciotL is served, the
*tity-s sewage treatment plant of 5.0 mgd average has yet to achieve
ifill design capavAry. '.-hen all arwtic~iated sewr-p are placed into
service, additional treatment aiaiywill be -Mded. In general,
most industrial firms in the banin have installoA. their own
.reatment plants (,r have tied in2to existing sewage treatment

islt he expans ion of t--eari P L plants qnA. elimination of
,,:es, the wa,-ev tYr on C-e Pa; t. P- vr~d h oe

11- of Its triiutari,--s- ramains bais'call- !-be same as it was a
~ ~o !~re~~ii id,, uf this pr..b~cn was recently

oted by tile S t. oI-c~~i v' zrsof
;1ti ,,growth : i I ria~ batemient of pollution

,*- I: ..) , 1t; t m c ro , i ..v va ia i

-st- s, 1,1-aa-inftic i will] need L: be enlarged
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increased demand foi municipal and industrial water supplies can be
expected.

In order to mcet the anticipated future municipal and industrial
water demands of Providence and surrounding communities, additional
water supply sources should be developed. A principal source of
additional supply is the proposed Big River Reservoir complex which
would be constructed on the headwaters of the South Branch of the
Pawtuxet River. Runoff from the Big River watershed coupled with
diversions from Flat River Reservoir by flood skimming methods
would develop an additional safe dependable yield of 42 MGD.

This additional source in combination with the existing Scituate
Reservoir would produce a total safe dependable yield of 119 MGD
which is adequate to meet future average d. ily water needs through
the year 2020. The proposed Big River Re -rvoir would be developed
by initially constructing the reservoir and dam, water treatment
facilities and aqueduct to satisfy requirements expected by 1995.
Expansion of Initial facilities would be undertaken to meet average
daily water demand of about 233 MGD projected for the year 2020.

A complete discussion of the water supply needs of the Providence
metropolitan area is presented in the Interim Report of the Big
River Reservoir project to which this report is attached.

OUTDOOR RECREATION

The Pawtuxet River watershed's water and related land resources are
extremely valuable for recreation. Among existing and potential
recreational resources are 6,000 acres of publicly or semi-publicly
owned land and water, including John Curran and Snake Den State
Parks, loca~i, respectively, in Cranton and Johnston; 80 lakes and
ponds wit!i r:Animal beach development; and about 150,000 acres of
wetlands, forests and water bodies, several thousand of which are

protected for public water supply. The Bureau of Outdoor
Recreation (BOR) estimates that the amount of publicly accessible

and developed recreational resources is enough to satisfy six
percent of the 1990 need for swimming, 60 percent of the 1990 need
for campsites and two percent of the 1990 need for passive outdoor

recreation. The deficiencies indicate a need to develop about 60
additionat picnic tables, and about 15,000 additional acres of land
for passive outdoor recreation.

The development of various recreation activities for the proposed
Big River Reservoir have been carefully prepared to maximize the
use and protection of unique features, and to minimize any impact
on the water quality of the reservoir. This can be achieved in
part by placing intensive .-creation use activities, such as

swimming and boating, outside of the public water supply watershed.

1 - 4
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k poss!bie recreationu ar--- tor ti-e Big River site, located near the
east shore of the impotuid.-. wou!d sevve as an activity center
for picunicklng, shoreline -'I , and access to a multi-purpose
trail sy ;tem which could be ived b.- hikers,. horceback riders, and
-:oss -_ountry skiers. The height nf land in this location could
offer scenic views of the west of the Big River Reservoir. In
addition, parking facilittes south of the reservoir would be
available only durtnF the hunting season. This would allow better
control of access to the Big River site during the rest of the
year.

LO FLOW AUGMENTATInN

Fio, 'i in the Pawtuxet River Basin are affected by both natural and
51,-n1-caused regulation. In the first instance, natural flows vary
ieasonally, with high flows generally occurring friom March to May,
i.nd low flows between July and September. Man-caused regulation is
more typically daily and hourly in character and usually from the
°>eration of upstream imp')undments along the tributary streams.

Plo-t of the basic impoundnents, whether large or small, are
i r.:,,!'ily used for water s'1pply, industrial processing water and
. t onaI purposes. With thiese -mroundments acting to fulfill

.:, eeds, high river flows are generolly regulated to maintain a
nool at maxf-Aim letyel with flow ree scs being minimal but
It"o Stisft y s . ream water "ights as stipulated by

,::. e.- ,.-rhese ple generally made on a
, V.. . ., ... M ' l .tt h Fr.diy --- wit- weeke-.d releases being

t/F tl.. . .em Is su.ch that deficient low
,. : .,: s-. .. rs for m.nv legitimate purposes.

lil-t , 40. ilt'., s r.. ,d Cmpro-,e stret;f (:onditions to satisfy

rmz *- o'i':e n1'., . rhf, ---ud 1 for more widespread
recrea:-Jonal 'se of the ol'-, ' - !, -crease c santities of
fiow .mprove and .;tab4 l!e :.! , :.d widLfAFe habitat for all
aquit r rpecei.s, v-ovjd-e :' o- ,> inns4ant year-round flows thereby

: a ~l'zing the rati-ail ciannels zd dqnr!uas~n the erosion; and
i.. i,: the o-yer L bel.;:' ,-,e t- a, well as .tcroase the
a '. L.c enjoyr. tit, Ao,-ron::.Von flow could come from uw
storato-, tl it . ild hoLi rpriog freshets for later released and
have lhe mttIphlc -,rrpo-r- ,t:c: ,f ieusening flood problems
pcop.r-- tonately. d1 it -al fliv. nug,"p tation could also come from
re-rerpail-tion of e- t;thg sorg-,s.



FISH AND WIL LTIFE

There is a need to solve several problems presently facing the fish

and wildlife resources of the basin. Significant among these are:

- Lack of public access
- Pollution
- Points of extreme low flow
- Single purpose use of the basin's ponded water
supply areas

- Barriers to fish passage
- Insufficient amounts of fishing habitat in
reasonable proximity to population centers

- Destruction or alteration of wildlife habitat

To satisfy the fish and wildlife resource needs of an expanding
urbanized area, adequate controls to protct and enhance the
existing resources will depend largely on the use that can be made
of existing resources by providing high quality water, improvement
of facilities, provision for more public access and supplementation

of flows.

FUTURE CONDITIONS

FUTURE DEVELOPMENT

State planning officials have projected sizeable population
increases by 1990 within the inner ring suburban communities of in
Johnston, Cranston and Warwick, and a small increase in West
Warwick. 'Vr~ of this growth can be expected to occur In the
western iwo :hirds of Johnston, the western half of Cranston, the
western d of Warwick, and to a lesser degree, the southern

third of West Warwick. Substantial population increases can also
be expected in the outer ring of suburban communities, especially

Coventry in view of the ready availability of 1-95. Possible
extension of RI P-37 through southwestern Cranston may encourage
additional growth in the Coventry-Scituate area. Future
modification of U.S. 6 or possible redevelopment as 1-84 could
encourage growth in the now rural northern basin communities.
Table 1-I1 shows projected average annual population growth rates
for all of the basin communities through 2020. Annual growth rates
are generally higher in the outer ring of suburban communities
because they are mostly small rural communities at the present
time.

Recent construction of rs:-ional shopping facilities in Warwick
should diminish the need tor early construction of major shopping
facilities in the Cranston-Warwick--West Warwick area. As
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POPULATION GROWTH RATYS
AVERAGE ANNUAL GROWTH

Community 1q7 0 Pop. 1950-1070 1970-1990 1970-2020

(%) (%) (%)

Providence 179, 11(, -1.6 0.2

Warwick 83,639 3.4 1.2 o, 9

Cranston 74,287 1L5 0.8 0. ;

West Warwick 24,323 1.3 0.8 0.7

Coventry 22,947 4.4 1.7 1.?

Johnston 22,037 2.8 1,7

Scituate 7,489 3.4 I, L i

Glocester 5,160 3.4 1.7 :

Exeter 3,245 ?.'7 2.1 .,

Foster 2,626 2.4 1.9 1.7

West Greenwich 1,841 3 9 a. k. 0

Rhode Island 949,723 1.0 0.113 0.7

United States 1.6, 0.9 0.75
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population growth continues within the basin, the construction of
additional commerc;a'l fa irlities may be expected in the areas such
as in the vicinity or -:ventry Center, North Scituate or the
northern or western sL i.ors of Johnston, for instance.

STATUS OF EXISTING PLANS AND IMPROVEMENTS

As covered in Appendix 2, two flood control projects, namely,
"Clyde Levee" and "Pontiac Channel Diversion" were previously
authorized but due to lack of local assurances in cost sharing
requirements, they .ee de-authorized in 1951. Under the emergency
authority of PL 84-99, two sections of dikes were constructed in
1970 for reducing i'cod losses against minor flooding in the
community of Norwool in Warwick.

Pawtuxet Cove which lies at the mouth of the Pawtuxet River was
authorized by the 1962 River and Harbor Act and completed in 1966.
Located in Warwick, it serves as a base for navigational-
recreational boating interest. Anothe. project serving the same
needs of the area is Apponaug Cove authorized by the 1962 River and
Harbor Act and completed n 1966. Although the cove lies outside
the boundary limits of the Pawtuxet River watershed, it would be
impacted upon by the various alternative plans included in this
report, therefore, it is considered to be an adjunct to this
report.

Other than those stated plans, improvements and programs, there is
no other Federally oriented project involvement in the Pawtuxet
River watershed.

IMPROVEMENTS DESIRED

Inustrial parks have been developed and partially occupied in the
following areas: northeastern Warwick (Warwick Industrial Park
near the river mouth), southwestern Providence along Mashapaug
Pond, south-central Cranston (surplus portion of Howard State
Institutions area), west-central Warwick near the State airport,
and southeastern West Warwick near 1-95. Other industrial parks
are being planned in Johnston, Cranston and Warwick. Additional
sites have been identified for consideration in other comninities.

All communities have developed master plans for guiding future
development. Adherence to such plans should permit the orderly
provision of public services, as warranted, and assist in reducing
urban sprawl through orderly planning.
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FUTUR% LOSSES DUE TO GRO,'T'!

Futuite flood losses resulil ng from new growth in the flood plain
ara lefined as damages to ato economic activities which are
-..xpeted to rnse the flood piani in the future (after 1972 when

dam'z. survey was completed) in the absence of a flood control
pi.e Thc2su new economic activities may include additions or
enlargerents to existing economic activities. Together with the
increased discharge expected in the future, the total losses due to
the anticipated economic growth were evaluated. To arrive at the
final flood losses due to growth, basic relationships were
,!stablished between damages, flood character:.stics and those
indicators used for measurement of growth.

Future losses due to growth are a function of the number of
potentially vulnerable units of property expec. L to be added in
the flood plain, The process used to measure s:ure flood losses
consisted of two primary elements, projection of the number and
size of these physical units, and calculation of potential flood
damaRzes to them.

estimate the units to be built by 1.990 the Corps first evaluated
orical land use in the flood plain and the immediate impacted

are a - primarily the cities of Cranston, Warwick, West Warwick and
th°. town of Coventry.. The town of Johnston and the city of
il-ro, idence uere omitted from the impacted area analysis. Johnston

- ly in the Pocasset River watershed whi.ch has a
.?..ly small flool plain. The Affected Area Land Use",

, . ., shows the result of the historical land use analysis.
-i.cea comprising t'iis analysis is limited to the main stem of

,. .. t. I.a lood plain was delineated; SPF
uw i.'.fti. ' -. dteeed unnecessary. As most of the new growth
al.on., ioca ,ec. has been residential and ,nost of the available
land i 3oned at; residential, any property added to this land use
"lasslnication would be limited to the area between the lO-year
:nd the SPF flood plain. It was then assumed that any future
pote!ntlial losses would be limited to nuisance type damages and that
io tong range flood control problem would develop. That portion
of Providence within the Pawtaxet River Basin drains mainly into
Roger Williams Park. As the drainage area is negligible,
appreciabl,. di ,ferences between normal water surfaces and those to
be exnectced under SPF conditions is slight and any future flood
zontrol problems there would also be minimal.

With cnplet.Lon of land use assessment, future land use demands
were- t-'!e,t p-'ojected. Project! ,.e were made for 1990, a date
coincrmiig to published OBERS .istics, and the year 2040.
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tA~ial Damages Due to Growth
1

Iq71-1985 1985-20352

Industrial Growth 285,200 438,900
Residential Growth 103,400 0
Cotmmercial Growth 174,650 0

SUMMATION - Although the Pawtuxet River watershed has yet to be
affected by a "high damage" type of flood, there is a tremendous
potential for substantial monetary losses in the area.

1 1972 dollars - utilizing average annual equivalent growth method

2 1985 to 2035 damages are "without project conditions" at this

stage of analysis
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FORMULATION AN") EVALUATION CRITERIA

The selected plan must represent an acceptable and Jistified solution
that best responds to the problems and needs of the area. Technical,
economic and social criteria were applied in evaluating a11. the

possible alternatives as well as iny potential environmental degrada-
tion that could occur because of the project's implementation.

Abbreviated planning methods were u-3ed for determining the most
viable alternatives. They are expLined more fully in the folJowiin
paragraphs of this section. It shodl:r be emphasized that for a'1

alternatives considered supplementat planning criteria involving
public acceptability, project completeness, its effectiveness, any
possible irreversible effects, and the ease of maintenance and
operation were used to refine the number of alternatives to a
tolerable number without obviating the problems and needs of the
study area.

Socio-economic data used in evaluating the benefits and costs of the
various alternatives considered were derived from Corps investiga-
tions and other basic economic data published by other Federal and
State agencies. Hydrologic and hydraulic data were obtained from
Corps investigations. Environmental impact information was obtained
from Corps studies and from water quality sampling investigations by

the Federal Environmental Protection Agency.

ECONOMIC CRITERIA

General economic criteria applied in the evaluation of alternatives
are summarized as follows:

a. Tangible benefits must exceed project economic costs.

b. Scope of development should provide maximum net benefits,
however, intangible considerations, such as risk to lives and
property, could result in a project size which is greater than that
which would produce maximum net benefits.

c. There are no more economical means, evaluated on a comparable
basis, for accomplishing the same purpose or purposes which would be
precluded from development if the recommended plan were undertaken.
This limitation refers only to alternative possibilities that would
be physically displaced or economically precluded from development if
the recommended plan were implemented.

The economic benefits were initially evaluated at 1972 prices and
field conditions. As this analysis progressed, estimates were
updated to reflect new price levels, with the intermediate phases of
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the plan formulation reflecting January 1976 prices. An interest
rate of 6-7/8 percent was applied during the plan formulation
process, but present project justification is based on the then
prevailing interest rate of 6-5/8 percent. All the final plans shown
in appendix have been updated to reflect September 1978 price
levels. All projects were assumed to have a 100-year life. The
current interest rate of 7-1/8 percent was used for project
justification in the economics appendix.

TECHNICAL CRITERIA

Technical criteria were adopted from appropriate engineering regula-
tions, manuals, pamphlets and technical letters, and supplemented by
engineering judgment and technical experience. Basically, the plan
should be engineeringly feasible to implement, be complete within
itself and require no additional future improvements and insure
against significant worsening of any flood conditions. Where
practical, the alternative measures considered for urban areas were
formulated for the standard project flood, an appropriate level of
protection for high dikes and floodwalls in urban areas. If the
standard project flood protection plan is unjustified or only
marginally justified, the level of protection may be reduced to yield
a more economically feasible plan by utilizing alternative flood
damage reduction measures. However, reductions in the level of
protection below the standard project flood were to be avoided
whenever possible.

ENVIRONMENTAL AND SOCIAL CONSIDERATIONS

Environmental and social criteria utilized in considering the
Environmental Quality Objective, and the Social Well-Being and
Regional Development accounts should include the following require-
ments of the Natonal Environmental Policy Act of 1969 (Public Law 91-
190):

a. Analysis of the environmental impact of any proposed action.

b. Identification of any adverse environmental effects which could
be avoided should the proposal be implemented.

c. Evaluation of alternatives to the proposed action.

d. Determination of the relationship between local short-term uses
of man's environment and the maintenance and enhancement of long-term
productivity.

e. Accounting of any irreversible and irretrievable commitments of
natural resources and biological systems which would be involved in
the proposed action should it be implemented.
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In order to attain the environmental objectives as specified in the
Principles and Standards, the following factors hoii].d also be
considered:

a. Management, protection, eniencement or creation of areas of
natural beauty and human enjoyment.

b. Management, preservation or enhanc!ement of especial], vI ab e"

outstanding archeological, historical, biological and geological
resources and ecological systems.

c. Enhancement of quality aspects of water, land and air, while
recognizing and planning for the need to harmonize conservaf;on of
the resources with the land use objectives of productivity for
economic use and development.

d. Development and use objectives which minimize or pr(.lude the
possibility of undesirable and irreversible changes in the natural
environment.

As mandated by Section 122 of the River and Harbor Act of 1970,
adverse economic, social and environmental effects of proposed
projects should also receive full consideration and will inciudo the
following:

a. Effects of air quality, noise levels and water pol]lt on.

b. Destruction or disruption of manmade and natural rca.,res,
aesthetic values, community cohesion, and the availahiliTy of public
facilities and services.

c. Adverse employment effects and tax and properly value losses.

d. Injurious displacement of people and businesses.

e. Disruption of desirable community and regional growth.

f. Public acceptance of proposed Improvements and ability and
willingness to meet local cooperation requirements.

Social well-being factors are other desirable elements that should be
included in the study and should include the following:

a. Possible loss of life and hazards to health and safety of the
people with and withoit project conditions.

b. Preservation of pleasing aesthetic values and other desirable
environmental effects, such as pleasing landscapes.
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POTENTIAL MEA SURES

These environmental and 6ocial factors form the basis for evaluating
and formulating alternative measures for the study area. Greater in-
depth coverage of these considerations is included in the Environ-
mental Impact Statement attached to the main report.

In formulating alternative measures an array of regulatory and
corrective measures as well as a No Action program were considered.
These measures were compared against the base condition using the
criteria of economic efficiency, environmental enhancement and social
well-being and were evaluated as acting either independently or
supplementing one another. These measures are listed in Table 2-1.
Subsequent paragraphs briefly describe each measure and the rationale
used during the screening Frocesses. Detailed descriptions are
provided in this section for those measures which passed the
preliminary screening phase and were further evaluated.

NO ACTION PROGRAM

In the recent several decades significant development has occurred
within the flood plains. Some additional limited flood plain land
will be built on until the existing Federal, State and local regula-
tions are fully enforced. The No Acton Program assumes that In the
absence of any corrective Federal Program, local interests would
elect to participate in the National Flood Insurance Program (FIP)
and enforce its requirements of controlling the future growth within
the flood plains.
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TABLE 2-1

POTENTIAL MEASURES

NO ACTION PROGRAM

(See Text for Definition)

REGULATORY MEASURES

1. National Flood Insurance Program

2. Flood Plain Regulations
a. Encroachment Lines
b. Zoning
c. Subdivision Regulations

3. Land Use Programs

4. Other Regulatory Measures
a. Building Codes
b. Urban Redevelopment
c. Tax Adjustments
d. Warning Signs
e. Health and F'ire Regulations
f. Cleanup Campaign
g. Flood Forecasting

CORRECTIVE MEASURES

1. Land Treatment Measures

2. Reservoirs

3. Walls and Dikes

4. Reservoir Management Programs

5. Hurricane Barriers

6. Stream Improvements
a. Channel Modification
b. Modification or Removal of Dams
c. Diversion of Flood Flows

7. Floodproofing or Relocation



PIP-________IIl~lW

By declining to participate in the NFIP, comrmunities become
ineligible for any Federal funds to be expended within a floodprone
development. As ownerships of existing properties in the flood plain
are transferred, new homeowners desiring financing from any Federally
insured lending institution must obtain flood insurance. According
to law, if this necessary insurance coverage cannot be obtained, a
mortgage could not be underwritten.

The No Action Program is a measure that already has been adopted by
some of the basin communities. As soon as the remaining towns enter
the regular program of the NFIP, the No Action Plan will be
completed. This program, at a minimum, would allow the flood plain
property owner or a tenant the opportunity tcG purchase subsidized
insurance coverage to help protect against any economic losses that
would occur as a result of a major flood event.

REGULATORY MEASURES

By themselves regulatory measures do not reduce, eliminate or prevent
the threat of flooding. They regulate or discourage the use and
development of the flood plains, lessening the threat of flood damage
and possible loss of life. Several regulatory measures which are
nonstructurally oriented and applicable to this watershed are
described in the following paragraphs.

National Flood Insurance Program - This program was established under
the Housing and Urban Development Act of 1968, expanded in the Flood
Disaster Protection Act of 1973 and subsequently amended. It was
specifically designed to provide limited amounts of flood insurance,
previously unavailable from private insurers, to property owners by
means of a Federal subsidy. In return for this subsidy, the Act
requires that State and local governments adopt and enforce land use
and control measures that will restrict future development in
floodprone areas in order to avoid or reduce futher flood damages.
These measures include flood plain zoning, careful siting and
drainage preparations, special construction practices and building
materials, special treatment of sewage disposal systems, and
elevation of the first floor above the level of the 100-year flood.
Flood insurance is available through local insurance agents only
after a community applies and is declared eligible by the Flood
Insurance Administration, U.S. Department of Housing and Urban
Development (HUD).

Flood Plain Regulations - Several decades of flood plain regulatory
expeerience a- State and local levels, plus a substantial body of
favorable court cases, attest to the Important role flood plain
regulations can play in preventing future Increases in flood
problems. Implementation of adequate regulations may prohibit new
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use:, in urban and rural floodway areas that miy La ;- mc,
increases in flood heights They may require the:& icw uses ii. , ot*
urban and rural flood areas be designed with indiviual flood
protection through el.e'a.ior. on fill or structural flnodproofing to
the 100-year flood elevatioi..

There are three principal food plain regulatory too]> ?1: b- ],a'
level that are available foi usage. These consist t -,itlg,
subdivision controls and bu-ldig codes. Each is dW!aii', in t!i
following .#aragraphs and suwmarized 'n Tables 2-2 through ? '

a. Zoning - Zoning is the most popular local flood ploi- manage-
ment. Traditional zoning divides a community in':o disfricts and
applies varying use standards to each of the distrirts. ? zoning
ordinance cons'.sts of a map which delineates the use datsricts and a
written text tiat describes use standards for the districts. Use

standards are of two types, one that determines the classes of use
(commercial, r~sidential, etc.) in the district aid the second that
establishes minimum standards for permitted uses, such as lot size
and building setbacks.

Flood plain zoning maps and th- accompan',yng tcxf: are often pl -t ol a
broader zoning ordinance. fnle or more fI;.ood plain dis::ri.rj .c.: .e
usually delineated on the community zoning map A r¢°Ie istri-t
approach tightly controls all development, within th e.J-:.ated
areas. Its use is acceptable for rural towns where , 'c",;iderable
vacant land exists in a nonflood plain area. A sucond approach
invclves the delineation of two districts; a floodwv and flood
fringe area. Development is tightly controlled in the ifooday to
preserve flood flow capacities, but a wide range of -ises is genrally
permitted in the flood fringe as long as each individjal structure Is
protected against flooding losses at the hundred year event. This
two district approach permits a wider range of flood plain losses.

The floodway is a portion of the area a selected flood (100-year for
the purposes of this report and to coincide with the NEIP definition)
would occupy, consisting of a stream channel and overbank areas. The
floodway is calculated to he capable of conveying the selected flood

discharge without flood heights or velocities increasing to exceed
stated levels (1-foot for this report and NFIP). The regulatory
floodway is not an actual channel or concrete conduit, rather an area
of sufficient width and flood conveyance characteristics to pass the
flood waters from up;tream to downstream points along a watercourse
without increasing the flood heights. In this calculation all areas
outside the floodway are assumed to play no role in passing flood
flows, and the floodway itself is assumed to remain in an open
condition. Floodway areas are subject to frequent high velocity
flooding often at considerable depths. The flood fringe is the
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portion of the regulatory flod plain beyond f;e immfts .:: the
floodway. It is subject to less frequent and ;'(wer v(.ocity flooding
and does not play a major role in passing flood f"mu:. See Fig'o ,-
I for a graphical view of eacn. deinition.

b. Subdivision Regulations - Subd: Asion regulations control the
division and sa; ot l:nds. the regilatious require that landowners
prepare detailed maps or "plates" prior to the sale of lots. Plates
must first be approved by the planning commission. Platc-s must
comply with standards established - the subdivision rogtilati o:,
zoning -ind other laws. Subdivision s!: ;-dards relat'g, to flooding
typically rquire that lots be made sui*able for tliese intended uses,
and that the subdivider install public facilities such as roads,
sewers and t.;ater with partial or total protection from floodine.

c. B,_iLding amd HousJng Codes - These simply regulate the building
desigi arnd construction materials. Building areas and a variety of
speciil codes have been adopted by some communities to reduce "Ieod
probt ,n,7 or assist in the construction of flood control works. ( ,;s
are subject to the same general legal requirements as 7oning and
subdivision control. They address limited aspects ok flood plains
use and a small number of uses and are therefore less susceptible to
challenge than I-he taking of property. i!owever, w :en ey:e-cised :n
isolation theyv Are also less useful in carrying ou- nx,.'-i]I -'o
plain management goals.

Flood Warning Systems - The National Weather Servi :c, ',.S) is
responsible for forecasting flash floods (those whic:l * 'rst within a
period of six hours) and major floods (those which t,,e .2 longer
period to crest). Flood warning systems utilize sircns, radio,
television and newspapers to disseminate information on floods.

A few communities have adopted flash flood alarm sy5n!- Lw wl ich
automatically activate an alarm when flood waters reach a certain
level.

Of course, the determination of a flood hazard is only one aspect of
a flood warning system. The other aspect--dissemination of
information concerning the hazard--is often more difficult.
Television and telephones have somewhat simplified the task, but
serious communication problems still exist for sudden flood events.

To be optimally usefu7, flood warnings must allow 3ufficient time for
the evacuation of the people and goods from the flood plains or the
initiation of emergency flood protection measures. Flood gates and
movable doors for floodproofing may be inoperable duc to lac of
maintenances or repair, or they may have been misplaced. Cars may
not be able to Se removed From dealer lots. Material or sto(k and
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contents may not be able to be elevated to higher ground. It is
therefore important that logistic support be provided to make use of
advance warnings.

Urban Renewal - Urban renewal has been used in some instances to
renovate, raze or rebuild some flood blighted areas and to allocate
the lands to open space use to reduce flood losses, provide open
space, reduce disease and serve other community objectives.

Tax Incentive - Tax incentives have, in sorno !-istances been used to
encourage preservation of the flood plain ini an open condition and to
reduce flood losses, provide open space, preserve agricultural land
and meet other objectives.

Public Open Space Acquisition - The acquisition of flood plain areas
for public open space use has grown rapidly in popularity. Some
cities such as Milwaukee have purchased virtually all flood plain
areas for park and parkway use. Such acquisitions may serve the
final functions of controlling private development and providing
public open space for parks, wildlife areas, hiking, water sports and
similar use. Public open space recreation uses often may be designed
with minimum damage potential from flood waters.

While flood plain lands may be less costly for park acquisition thain
similar lands throughout a community due to the flood~ng ci'reats,
acquisition costs often exceed several thousand dollars per acre.
For this reason, easement rather than fee purchase may be attrac-
tive. However, experience with scenic, conservation and similar
types of easements may sometimes be expensive and are unsatisfactory
where the public must make intensive use of private land for
picnicking or other uses.

Federal grants in aid for park acquisition are available from the
Land and Water Conservation Fund of the Bureau of Outdoor Recrea-
tion. In addition, revenue sharing and State open space funding
programs are available im many states. Generally, the total Federal
share may not exceed fifty percent of acquisition costs although
State grants-in-aid may increase the total State and Federal
contribution. In some states, park acquisition for flood plain lands
is given high priority because of the multiple benefits involved.
However, flood plains do not in all instances make good parks because
of their topographic features or inaccessability to users.

Proposals have been made to subsidize local flood plain acquisition
for open space purposes through State or Federal grant-in-aid. Such
Federal or State subsidies to accomplish multiple goals might in some
Instances be favored in comparison with flood control works because
of the multiple benefits (recreation, flood loss reduction) accrued.
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CORRECTIVE MEAIJJRES

In urbanized flood prone areas, the most cost effecilve wa'y to
reduce existing flood losses is w4th correct.re measurn-. When
considering several flood prone c-ty blocks of ztore-; and homes, or
large industrial center, it is unrealistic to expect that the
regulatory measures will suffice In reducing flood problems.

These corrective measures listed oe2ow are the traditional measur.
that deal with flood problems. Thes, modifications of the natuiral
flood regime are designed to change the extent and timing of flood
flow to lower elevations and to partially or wholly protect
individual structures or entire areas from flocding. Each techiiue

has a somewhat different fuiction and application.

Land Treatment Measures - Sibstantial portions of the upper watersled
have undergone a land use change irom agriculture to rtwsidentfaO or
other urban types. As this practice is expected to continue,
vegetative and mechanical land treatment measures could be an
effective tool in helping to control erosion. In addition to
damaging the lands from which the soil nriginally came, erosion
greatly increases the sediment tramrrport rate of the stream r.7 -ti-i
in high deposition and increased scour rates. It is therefor,
necessary to try to control erosion in these develoniro ar, .
Proper grading of the new subdivisions along wlt Th e preservat. 1> ,
as many trees and shrubs as possible is es entiaj , ':ve FearY
fast growing annual grass seed should be used intersp(-rsed w 'h,

slow growing perennial species, to help establish a good soil
cover. Maximum slope grading should be established which would slow
down any runoff and subsequent scour.

Significant areas of land are still farmed. To help retard the
erosion rate conservation land treatment practices should be
practiced. Some of these measures are contour farming, cover

cropping, terracing, critical area planting, pasture and hayland
management and stabilization.

If the above practices are not possible either in the urban or ruLa:
areas, alternative measures should be employed to help reduce thc
erosion. Some of these measures are debris and desilting basins.
mulching of steep slope areas, or the establishment of plant, d hvfer

zones between open areas.

Reservoirs - These are designed to temporarily hold floodwatcrs and
release them slowly to reduce flood peaks. In New England these
generally consist of rolled earth and rockfilled structures for
impounding uncontrolled floodwaters. They are generally located ai
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strategic points within a watershed to provide flood protection to
downstream communities. An important factor relating to reservoirs
that should not be overlooked is their ability to satisfy other
needs. Such multiple objectives result in greater utilization of the
available natural resources within a watershed.

Walls and Dikes - This approach usually involves a system or a
combination of concrete floodwalls, earth-rockfilled dikes and
appurtenant facilities for confining flood4 flows to the channel or
floodway. These are generally referenced ;local protection
projects becausc they provide protection to localized, high risk
flood prone areas located behind the dike system.

Reservoir Management Programs - The objective of this approach is to
temporarily retard peak flows long enough to desynchronize tributary
flows from the flood peaks on the main stem or at high damage
areas. The water stored in the reservoir is then released at a
controlled rate as soon as possible after the flood pea17. To be
effective considerable dependable storage must be available at all
times during the year and a means of controlling the upstream runoff
and reservoir releases must be present. There are no such existing
sites in the Pawtuxet Basin. If any future reservoir is constructed
some form of control structure and dependable storage f or flood
control should be considered.

Hurricane Barriers - This measure is utilized where low ',-In,, heavily
urbanized areas are exposed to either hurricanes or storm induced
tidal surges. They consist ef a system of dikes and walls along low
lying lands that are tied into a rockfilled jetty that also usually
contains navigational gates and a pump house. When the barrier is
placed into operation, the navigational gates (and street gates if
any) are closed and braced and the pumps activated. These pumps are
used to prevent an increase in the water surface behind the
protection caused by any tributary drainage that now cannot flow out
normally to the sea.

Stream Improvements - Where substantial flood damages can be
attributed to the deterioration or neglect of the waterways, a
rehabilitation program for improving channel conditions to increase
their hydraulic efficiency and subsequent flood carrying capacity
could generally be accomplished by the following measures:

a. To alleviate frequent flooding and subsequent flood losses

various methods of channel restoration work could include:

-Possible elimination of abrupt turns and oxbows;

-Widening and deepening of certain stretches of river;
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-Improvement of waterway areas at bridges and culverts;

-Removal of shoals, sandbars and islands impeding minor flood
flows; and

-Removal of overhanging trees, uprooted trees and accumulated
debris at critical points.

b. Channel improvements of restricted pondage areas by modification
or removal of dams could also offer som~e flood relief to critically
high risk flood prone areas providing proper measures are taken to
prevent excessive scour siltation.

c. The diversion of flood flows as a means of bypassing heavily
congested flood prone areas could provide an adequate and high degree
of flood protection while minimizing the social and environmental
impact.

CORRECTIVE NONSTRUCTURAL METHODS

Temporary and Permanent Closures for Openings in Existing Structures
- Structures whose exterior is generally impermeable to water can be
made to keep floodwater out by installing watertight closures in
openings such as doorways and windows. While some seepage will
probably always occur, it can be reduced by applying a sealant to the
walls and floors and by providing a floor drain where practical.
Closures may be temporary or permanent. Temporary closures are
installed only during a flood threat and therefore need warning time
for installation.

As most residential structures in this area are made of wood frame
construction only the basement would be considered applicable for
floodproofing. However, as many industrial and commercial
establishments are constructed of concrete block with relatively few
openings at zero to three feet above the first floor slab, serious
consideration should be given to protecting them, even if at their
owners expense. There are several disadvantages to this means of
protection. As mentioned above, it is applicable only to structures
with brick or masonry type walls, and only to a level where they can
withstand the hydrostatic and uplift pressure of the floodwaters.
Another disadvantage is the reduced likelihood of effective closure
at nights and during vacations when temporary closures are employed;
and lastly the entire measure may create a false sense of security
and induce people to stay in the structure longer than they should.

Raising Existing Structures - Existing structures In flood hazard
areas can often be raised in place to a higher elevation to reduce
the susceptibility of thie structure to flood damage. Specific
actions required to raise a structure include:
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a. Disconnect all plumbing, wiring and utilities which cannot be
raised with the structure.

b. Place steel beams and hydraulic jacks beneath the structure and
raise to the desired elevation.

c. Extend existing foundation walls and piers or construct new

foundation.

d. Lower the structure onto the extended cr new foundation.

e. Adjust walls, steps, ramps, plumbing and utilities and regrade
site as desired.

f. Reconnect all plumbing, wiring and utilities.

g. Insulate exposed floors to reduce heat loss and protect plumbing,
wiring, utilities and insulation from possible water damage.

These actions are intended to place the structure at a higher
elevation at its existing site and to protect plumbing and utilities
previously below the first floor from water damage. Because the
hazard is not eliminated, but only the damage potential reduced, it
is important that the potential for flooding below the first floor be
recognized in the raising. Lateral stability of the structure should
be insured by designing the foundation walls. Such design would
include the use of thick concrete mats for the floor slab and a
structurally designed concrete wall. Both necessitate the use of
reinforcing steel.

Some of the advantages to raising a structure are as follows: Damage
to structure and contents is reduced for floods below the raised
first floor elevation. It is particularly applicable to single and
two story structures already on a raised foundation. There are no
elevation limitations to raising a structure as long as the
floodwaters are allowed to pass through the basement. Finally, the
flood insurance premiums for the secondary layer of coverage are
drastically reduced.

Some of the disadvantages are as follows: Residential damages exist
when floods exceed the raised first floor elevation. Minor damage may
occur below first floor depending upon use. Measure is not generally
feasible for structures with slab on grade foundations or for
complete floodproofing measures where cellar flooding is not
tolerated. Extensive landscaping and terracing may be necessary if
the height raised is extensive. Finally, that the costs are
approximately 50 percent of the market value of a home, making It
extremely difficult for the average homeowner to afford.
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Small Walls or Dikes -This measure consists of a minimal height wall
or dike, generally less than 6 feet and so designed that It protects
one or several structures and is built to be compatible with local
landscape and aesthetics. Walls may be of any suitable material and
so designed that they restst the lateral and uplift pressures4
associated with flooding. Dikes are usually constructed with an
impervious core to prevent seepage and with a slope protection if
erosion is a problem, or both of the above where access openings are
necessary. Provisions must be made to close these openings during
floods. Interior drainage facilities such as a small sump pump may
be necessary to control the land and roo~f runoff.

Rearranging or Protecting Damageable Property Within an Existing
Structure -Within an existing structure or group of structures
damageable property can often be placed in a less damageable
location, or protected in place. It is something every property
owner can do to one degree or another depending upon the type and
location of the susceptible property and upon the severity of the
flood hazard. Some of the possibilities are as follows:

a. Protecting furnaces, water heaters, air conditioners, washers,
dryers, shop equipment and other similar property by raising them off
the floor. This may be appropriate for shallow flooding conditions.

b. Relocating damageable property to higher floors. Moving property
from the basement to the first floor or second floor would be an
example. This action usually requires altering ducts, plumbing and
electrical wiring and making space available at the new location.

c. Relocating commercial and industrial finished products,
merchandise and equipment to a higher floor, or adjacent and higher
building, or to a less flood prone site.

d. Anchoring all property which might be damaged by movement from
floodwater.

Removal of Structures from the Flood Hazard Areas - The previous
description discussed relocating and protecting damageable property
within an existing structure. However, at a certain level, this is
no longer feasible. This section discusses two options for removing
property to a location outside the flood hazard area. One option is
to remove both structure and contents to a flood free site. This
involves:

a. Locating and purchasing land at a new site.

b. Preparing the new site, services, driveway, sidewalk and new

foundation.
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c. Raising structure off its existing foundation, transporting it to

the new site and placing it on this new foundation.;

d. Moving contents from existing to new location.

e. Removing, disposing and backfilling the foundation at the
existing site.

f. Providing temporary lodging during relocation.

A second option is to remove only the conte-f-s to a structure located
at a flood free site and demolish the existing site. This measure
includes:

a. Locating an existing structure, or building a new structure at a
flood free site.

b. Moving c-ontents from an existing to a new location.

c. Either demolishing, and where possible salvaging the existing
structure, or reusing it for a less damage susceptible use.

INITIAL SCREENING

Table 2-5 illustrates the initial screening and elimination process
used in the first phase of forimlating a flood management plan for
the Pawtuxet River Basin. Utilizing available data concerning known
flood problems within the basin and known desires of local interests,
all potential solutions were evaluated and judged on their own merits
at this stage of the analysis, with each measure acting indepen-
dently. Only those measures that proided an adequate, realistic and
practical engineering solution and would be socially acceptable,
environmentally acceptable and economically justified were reserved
for more detailed consideration in the intermediate screening.

At this stage of the evaluation analysis, the No Action program and
regulatory measures were determined to be applicable to all 16 zones
in the watershed. Both programs would be geared to preventing or
minimizing flood losses to existing and/or future flood plain
development, rather than providing reductions in flood stages. As
such, they could supplement possible corrective measures, and both
programs were reserved for subsequent evaluation.

CORRECTIVE MEASURES

The following corrective measures were analyzed as independent
components for solving specific flood control problems and needs
pertaining to the basin:
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TABLE 2-5
INITIAL SCREENING

POTENTIAL MEASURES
1 1A 2 2A 3 4 4A

(2A-1+2

NO ACTION PROGRAM E E E E E E E

REGULATORY MEASURES (ALL) E E E E E E E

CORRECTIVE MEASURES

Land Treatment Measures 5 5 E 5 5 4 4

Reservoirs 1 5 E 5 1,2,3 1,2,3 1

Walls & Dikes 5 1 5 1 5 E I

Reservoir Management Program E 4 E 4 4 5 4

Hurricane Barriers 6 6 6 6 6 6 6

Stream Improvements

Removal of Dams 5 4 4 4 5 2 4

Diversion of Flood Flows 4 1 4 1 2 E 1, 2

Channel Modification 5 5 5 5 1, 3 1, 3

Flood Proofing or Relocation 5 E 5 E 5 E 5

CRITERIA APPLIED DURING SCREENING DAMAGE ZONES

1. Economically Infeasible North Pranch --------- 1-IA
2. Engineeringly Impractical South Pranch ---------- 2-2A
3. Socially Unacceptable Main Stem ------------ 3-8
4. adequate Solution Meshanticut Brook --- 4A-4P
5. No Major Needs or Problems Pocasset River ------- A-6P

6. Not Applicable Roger Williams Brook - 7A-73
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LBLE 2-5
I SCREENING

ZONES

4 4A 4B 5 6 6A 6P 7 7A 7P 8

E E E E E E E E E E E

E E E E E E E E E E E

4 4 4 4 4 4 4 5 5 5 4

1,2, 3 1 1 1,2, 3 1,2, 3 1 1 1,2, 3 5 2 1,2, 1

E I I E E I E E 5 E E

5 4 4 4 4 4 4 1,3 4 2

6 6 6 1,2,3 1,2.3 6 1,2,3 1,2,3 6 1.2.3 1.2,3

2 4 6 6 6 3,4 u 3,4 6 4

E 1,2 1,4 2 2 1 1 2 1,4 2 2

1, 3 1,3 1, 3 1 1 1,.3 1,3 1. 3 1, 3 1, 3

E 5 E E E E E E 5 E E

NES LEGEND

------- 2I-2A Further EFvaluation warranted
-------- 38

4A-4P IT] Further Evaluation Unwarranted
......- 6A-6P

rook - 7A-7B
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Land Treatment Measures - Of the 16 zones in the watershed, only zone
2 has been considered for land treatment measures. This is due to
the potential construction of Big River Reservoir and the need for
soil erosion prevention during construction. In the other zones
significant erosion and sediment problems were deemed nonexistent,
not subject to correction by vegetative or slope protection measures,
or have been aggravated mostly by recent uncontrolled urbanlzarir :,
which will eventually stabilize resulting in less critical erosion.
Assistance in land treatment measures In certain zones is available,
under existing authority, through the Soil Conservation Service, U.S.
Department of Agriculture.

Reservoirs - Within the study area, numerous reservoir sites were
originally investigated to alleviate flooding as well to satisfy
other needs. Due to the limited degree of protection that small
reservoirs could provide to existing damage areas, the many
engineering, social and environmental constraints, and due to the
findings that costs would far exceed accrued benefits, most of the
reservoir sites considered were eliminated from further evaluation.
Results of this preliminary analysis indicated, however, that 12
reservoir sites warrant-ed further investigation, either as single
purpose flood control projects or as mlti-purpose projects.

Of these 12 reservoir sites, seven were within the Pocasset River
watershed, namely: two each on Simmons and Dry Brooks and three on
the main stem of the Pocasset River. Along Furnace Hill Brook, a
tributary of the Meshanticut Brook, another reservoir site was
evaluated. On both the North and South Branches, four impoundments
were analyzed. Two involved modification of the existing Flat River
and Scituate Reservoirs, the third involved provision of a sub-
impoundment at Scituate Reservoir, and the fourth entailed evaluation
of the Big River Reservoir site as a multiple purpose impoundment.
Of this entire group, only one potential project was found to warrant
further evaluation, the Big River Reservoir project that would
provide substantial flood reduction benefits for Zone 2A. As this
project is presently under the jurisdiction of the Rhode Island Water
Resources Board and in the preliminary engineering design stage, it
is essential that consideration be given to providing additional
storage for flood control.

Modification of the existing Scituate Reservoir was found to be
economically unjustified. The reach immediately downstream from
Scituate Reservoir does not have significant flood problems and is
adequately protected by the existing dam. To utilize Scituate
Reservoir for flood control purposes would require raising the
existing structure an additional 10 feet. This would serve only to
reduce the required size of downstream structures, rather than
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eliminate their need. It was determined that the cost of added
storage at Scituate Reservoir would be greater than the cost of
corresponding increases in the si'e of downstream projects.
Therefore, such modification of Scituate Reservoir was unjustified.

Walls and Dikes - Concrete walls and dikes, generally referred to as
local protection projects, were deemed to be an effective means for
providing flood protection to high risk flood prone areas. Zones 4,
5, 6, 6B, 7, 7B and 8 meet these high risk conditions. As a result
wall and dike measures were retained for further evaluation. The
remaining damage zones were eliminated from further consideration
since they are subject to only minimal flood losses.

Reservoir Management Program - The basic element in a reservoir
management program entails lowering the levels of existing reservoirs
to reduce peak flood discharges thereby reducing damages. With the
exception of Scituate and Flat River Reservoirs, further investiga-
tion of other small reservoirs was deemed impractical due to the
small storage capacities involved.

Hurricane Barriers - To eliminate the threat of tidal flooding,
hurricane barriers were considered at two locations, one near the

mouth of the Pawtuxet River and the other at the entrance to Pawtuxet
Cove. Both projects would require substantial construction and river
widening. Further consideration of both these projects was deter-
mined to be unwarranted due to high construction a-id relocation cost-s
and adverse social and environmental impacts. The fcrmer would
involve total reconstruction of the Pawtuxet Dam. It wculd consist
of a control structure with a wall traversing the river, and a large
pumping station. In order to allow for the passage of riverine flood
flows, the existing channel would have to be widened to about twice
its present size for a distance of about 4 miles, this would
necessitate relocation of some of the existing highly flood prone
Industrial-commercial properties as well as significant portions of
the Norwood residential area. Six bridges and many local roads will
also have to be significantly modified.

The barrier at the entrance to Pawtuxet Cove would require a large
rock jetty and navigational gates in addition to this control
structure and pumping station. The widening of the lower portions of
the Pawtuxet River would still be required. In addition to providing
flood protection to the lower portions of the Pawtuxet, this scheme
would provide protection to the large recreational navigation fleet
residing in Pawtuxet Cove as well as law lying properties.

Further consideration of either or both of these projects was
determined to be unwarranted due to the high construction costs,
relocation costs and the adverse social and environmental impacts.

2-21



The annual benefits of such a proposal would be less than a mi]llfon

dollars where construction cost on an annual basis could be well over
$4 million.

Stream Improvem_nts - The chan- -onditions of some of the steams
within the basin have been neglected to such a degree that their
deterioration has affected their hydraulic efficiency. Some of the
flooding condition has been aggravated either by siltation, riverbank
and lowland encr'achment, inadequate bridge and culvert openings or
general neglect in the removal of excessive vegetative growth and
accumulated debris, particularly more notict -Le along the smaller
tributaries such as Meshanticut Brook and the T'ocasset River.
Although relatively insignificant for a major flood these conditions
can cause increased flood stages and more damages at a frequent type
storm event. Removal of dams, diversion of flood flows and channel
modification were considered as a means of remedying these
conditions.

a. Removal of Dams - Within the basin there are numerous dams
serving the needs of the area. Many of the smaller dams, originally
intended for power generation and for process water, have not only

been neglected but have become obsolete. Their siltation has caused
restricted pondage and impedance to normal river flow.

As it has been suggested by concerned interests removal of some of
these dams would reduce flood flow gradients, thereby reducing flood

damages. The dam most often referenced was the Pawtuxet Dam si uated
at the mouth of the Pawtuxet River. This dam consists of a low head
structure that prevents saline intrusion under normal tides. The
riverbed slope upstream of the structure has a very flat hydraulic
gradient resulting in a slow moving stream with subsequent very low
velocities. Results of backwater studies performed to determine the
effects of complete dam removal have indicated that during a standard
project riverine flood, the flood stage would be reduced about 7 feet
at the dam (see plate 2-1) with reduction diminished upstream and
becoming insignificant at Warwick Avenue. For a 100-year flood
event, flood stage reduction would average about 5.5 feet at the dam
diminishing to nil at Warwick Avenue.

Removal of this dam would have the associated impacts of: (a)
returning the lower Pawtuxet to a tidal estuary with a large degree
of irretrievable environmental harm; (b) as normal riverflow
velocities would be increased, bank erosion would become a problem,
especially in areas now inundated by the dam's backwater. This would

necessitate costly slope protection methods in such erosion prone
areas; and (c) the sludge deposits behind this dam would become
suspended either by natural effects or by dredging. Benthic studies
in Pawtuxet Cove and other Pawtuxet River areas indicate that the
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sludge has very high toxic amounts of heavy metals. This could cause
harm to the flora and fauna of Narragansett Bay. The economic
benefits to be gained by such a removal are minimal. Most of the
flood prone properties in the Warwick Avenue industrial Park would
have less than a foot reduction in riverine flood stages. This
proposal would have no effect on the flood stages induced by tidal
surges.

As the flood control benefits to be gained by the dam removal are
minimal when compared to the estimated modification costs and the
potential environmental harm Federal1 *nvolvement is considered
unwarranted. In the future as the Pawatuxet Dam deteriorates, it is
advocated that repairs or removal be judged mainly on environmental
considerations.

A second dam of concern on the Pawtuxet River is the Pontiac Dam,
located at river mile 7.4. This structure creates an impoundment
with backwater extending upstream for several thousand feet. If the
dam were to be removed, or lowered, as requested by local interests,
flood stage reduction upstream of the dam under Standard Project
Flood conditions would be on the order of 0.2 foot in the impounded
reach (see Plate 2-1). For a 100-year frequency flood level
reduction would be significantly greater, but only approaching about
2.5 feet at the dam and tapering off to one foot at Natick Dam.
However, potential flood losses at a 100-year event are relaltively
minor.

Based on a preliminary cost evaluation it was determined that related
costs involving channel improvement, rock slope protection and
modification of a few bridges would exceed accrued benefits and
subsequent analysis would be unwarranted.

Presently there is little flood prone development at the 100-year
flood level upstream of the dam and its normal backwater pool does
have some limited aesthetic appeal. In the future if the dam needs
major repair, removal should be considered along with upstream
measures to protect against scour and excessive degradation.

Removal of other dams that no longer serve a meaningful purpose would
appear to be beneficial by reducing flood stages and damages in the
immediate vicinities of such dams, but would create erosion problems
downstream that would more than offset the benefits gained.

In conclusion, the remaoval of dams for all zones was considered to be
an inadequate solution for solving flood problems on the main stem
and further evaluation was deemed unwarranted.

b. Diversion of Flood Flows - Two ba-ic methods could be used as an
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effective means of providing flood relief to high risk flood prone
areas. One would involve an intrabasin diversion of flood flows and
the other an interbasin transfer.

Based on a preliminary screening damage analysis of all zones, no
intrabasin scheme appeared viable and further evaluation was deemed
unwarranted.

The other concept involving interbasin transfer of flood flows
appeared applicable to Zones 3 and 4 and was selected for further
evaluation.

- A relatively high head could be developed, thereby reducing
conveyance size and project costs. A diversion would be located
upstream of the heavily damaged centers and could provide substantial
flood relief to flood prone areas of three communities with minimal
social and environmental disruptions.

- Furthermore, the Diversion would be in close proximity to Apponaug
Cove (a tidal estuary of Narragansett Bay), which would minimize the
effects of fluctuation of flood flow stages. It has been determined
that a diversion at Zone 3 would involve greater construction costs
and would result in more environmental and social harm. Therefore, a
diversion of flood flows at Zone 3 was rejected and the diversion at
Zone 4 was reserved for further evaluation.

c. Channel Modification - The final stream improvement element would
consist of channel modification involving a rehabilitation program
for improving the waterways. The methods considered included channel
widening, deepening and elimination of abrupt turns and oxbows in
numerous main stem and tributary reaches.

Channel modification on tributary zones was rejected for further
evaluation since existing damages are relatively minimal and
unrelated to channel modification. Channel modification in all other
zones was found to be economically and hydraulically impractical for
flood stage reductions due to the flat hydraulic gradient of the
riverbed. Furthermore, such improvement would not produce the need
for floodwalls and dikes for containing flood flows. The single
exception would be the need fir channel modification should a
potential local protection project, such as a wall or dike, encroach
significantly upon the existing cross-section of the stream.

Floodproofing or Relocation As flood problems within Zones 1, 2, 3,
4A and 7A were determined to be minimal, no further evaluation was
required in those zones. For the remaining zones, floodproofing or
relocation was found to warrant further evaluation.
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CONCLUSIONS

The results of the initial screening show that only a limited number
of measures meet-the minimum acceptable plan requirements. The No
Action program and all regulatory measures were retained for further
analysis in all zones due to their importance in preventing or
minimizing future flood problems. The results of the screening are
summarized in Table 2-5.
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ADVANCED SCREENING

EVALUATION OF MEASURES

The ensuing step in the plan sel;,,:t.ii and formulation proc-,-s
entailed refinement of individual measures that passed ;ihe preceding
initial screening test. This next phase continued aitu a more
detailed identification of the measures that could provide an
adequate degree of protection in major damage areas while sat--fying
the economic criteria previously cstablished that tangible benefits
must exceed economic costs. These measurcp ,Tere evaluated on their
own merits, that is, acting alone. Evaluatiri combinations of
measures was reserved for the subsequent deveIopment of detailed
plans phase. The schematic results of the advanced screening are
shown in Table 2-6.

In accordance with the desires of local interests, the first element
of this evaluation process centered on a nonstructural program. By
design, this program would involve a blend of both regulatory and
corrective measures. Regulatory measures are geared to minimizing
future flood losses by controlling and restricting future development
of the flood plains. As such, they do not provide an effective means
of reducing flood damages caused to existing buidings, though as a
measure for reducing losses to contents they would be worthy of
further merit.

The initial nonstructural approach to the corrective meamtrec would
employ a floodproofing technology by which both buildings and
contents would be protected to 1990 hydrologic cond3fions--the time
frame that a project could become operable. In conformance with the
stringent regulations established under the National Flood insurance
Program, the minimum level of protection considered illowable would
be the levels anticipated under a 100-year flood event.

As the objective of this study would be the development of a viable
flood management program for relieving present and future flooding
conditions, the nonstructural program, as it pertains to corrective
measures, would be the initial element of the evaluation, followed by
the structural program, concluding with the other remaining measures
including those involving future action. These measures are
discussed in the following paragraphs.

CORRECTIVE NONSTRUCTURAL MEASURES

A major program was initiated for this phase of the plan formulation
process. It involved the determination of the first floor and ground
elevations of all structures that would be damaged by an event
approaching a Standard Project Flood. All openings were sized and
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TABLE 2-6
ADVANCED SCREENING

POTENTIAL MEASURES ZA
1 IA 2 (2A-1+2) 3 4 4A

NO ACTION PROGRAM E E E E E E E

REGULATORY MEASURES (ALL) E E E E E E E

CORRECTIVE MEASURES

Land Treatment Measures 5 5 FA 5 5 4 4

Reservoirs 1 5 FA 5 1,2,3 1,2,3 1

Walls & Dikes 5 1 5 1 5 1 1

Reservoir Management Program FA 4 FA 4 4 5 4

Hurricane Barriers 6 6 6 6 6 6 6

Stream Improvement

Removal of Dams 5 4 4 4 5 1, 3 4

Diversion of Flood Flows 4 1 4 1 2 E 1, 2

Channel Modification 5 5 5 5 5 1, 3 1,

Flood Proofing or Relocation 1 5 1 5 1

CRITERIA APPLIED DURING SCREENING DAMAGE ZONES

1. Economically Infeasible North Pranch ---------- 1-lA
2. Engineeringly Impractical South Branch ---------- Z-2A
3. Socially Unacceptable Main Stem ------------- 3-8
4. Inadequate Solution Meshanticut Brook ----- 4A-4B
5. No Major Needs or Problems Pocasset River -------- 6A-6B
6. Not Applicable Roger Williams Brook - 7A-7B
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EN IN

ENING

ZONES

4 4A 4B 5 6 6A 6B 7 7A 7B 8

E E E E E E E E E E E

E E E E E E E E E E E

4 4 4 4 4 4 4 5 5 5 4

1,2,3 1 1 1,2,3 1,2,3 1 1 1,2,3 5 2 1,2,3

1 1 1 E 1* 1 1 E 5 1 E

5 4 4 4 4 1 4 4 1,3 4 Z, 5

6 6 6 1,2,3 1.2,3' 6 1,Z, 3 1.2,3 6 1.2.3 1.2,3

1,3 4 4 4 4 3,4 4 4 3,4 4 4

E 1,2 1,4 2 2 1 1 2 1,4 2 2

1,3 1 1,3 1, 3 1 1 1,3 1,3 1, 3 5 1 , 3 1,3

1 1 1 1 1 1 1 I 5 I1

LEGEND

- I-IA # (Step 2) Screening Further Evaluation Unwarrantel- 2- 2A
3-8 (Step 3) Screening Further Evaluation Unwarranted

- 4A-4B
6A- 6 B E Further Evaluation Warranted
7A-7B

FA Future Action

, Further evaluation warranted in part of zone in Warwick.
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tsill elevations taken for commercial and industrial structures within
the SPF limits. For residential structures the cellar openings were
approximated, but only for those within the 100-year flood limits.
The nonresidential structures were analyzed individually to determine
the costs of the corrective nonstructural measure. Benefits to the
various measures for the most pronising structures were then
calculated and the traditional BCR's determined.

A computer program war derived to provide an initial screening of the
residential structures. The damage f'.T'ires used in the program were
based on past damage surveys performed by this division.for various
types of homes, and the depth damage curves developed by the Federal
Insurance Administration. Literature search plus in-house expertise
have resulted in the following list of criteria that were to be
followed for this program.

Criteria Applied in Floodproofing Program

a. For initial analysis unreinforced concrete walls were considered
capable of withstanding the hydrostatic pressures of a 3-foot head
differential between water surfaces on either side of the wall
without collapsing.

b. Wood frame structures cannot be floodproofed above the sill.

c. Structurally sound buildings can be raised only three feet.

d. Where depths of water for the design condition exceed the heights

of a. and c. above, relocation would be necessary.

e. Ring wall enclosures were considered for purposes of tying a
building's wall into high ground only.

f. At the design flood conditions, all structures that could
potentially be inundated were floodproofed and/or raised if
necessary, even though only nuisance basement flooding would occur.

g. The drag line effect (the difference in water levels due to
passage of flows through soil) was not considered in this phase of

analysis. There are too many variables such as soil permeability,
drainage nets or patterns, condition of the concrete slab and wall,
the tightness of any joints or seams etc., to accurately predict the
true effects.

h. Uplift pressures were not considered.

With this above criteria, an economic analysis of the lower main stem
(Zones 3 to 8 including backwater reaches) was conducted to determine
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tthe viability of floodproofing. Costs were developed for all

structures for two levels of flooding, namely the Standard Project
Flood and the 100-year flood.

Results of this analysis are tabulated by category in Table 2-7 and
by community/category in Table 2-8. These tables represent total
costs of floodproofing structures in the flood hazard areas under
existing conditions. The requirements of floodproofing would involve
a cost sharing between the Federal Government and the property owner
which are established and Section 73b of the 1974 Water Resources

Development Act. The costs to non-Federal interests are not to
exceed 20 percent of the total projects first cost. The number of
affected structures in the tables represent ownerships which could
include a complex of structures such as a manufacturing concern or
commercial plaza. Thus the Warwick Mall and Ciba Geigy are handled
in these tables as constituting only one structure each.

The costs noted in both tables also include the costs associated with
relocation of structures. At the Standard Project Flood level,
approximately 616 structures, equivalent to 33 percent of the total
number of structures located in the SPF flood area, would have to be
relocated. Eighty-three of these structures represent commercial or
industrial establishments employing in excess of 5,700 people. At
the 100-year flood level, approximately 26 structures would have to
be relocated, of which 14 are commercial or industrial firms
employing about 2,500 people.

Although floodproofing measures would be considered only to the 100-
year flood event, cost reflecting the Standard Project Flood
condition were derived as a means of demonstrating an order of
magnitude.

It is evident from the figures shown in Table 2-7 where the Benefit
to Cost ratios for the 100-year and the Standard Project Flood are
.10 and .04 respectively, that this alternative as a total system is
not economically feasible. While it would allow portions of
riverbank to be converted to a greenbelt area, the social
ramifications would be significant--as about 65 homes would have to
be either raised or relocated at a 100-year flood event. In
addition, 18 industrial and commercial establishments would have to
be relocated, resulting in the direct loss of over 100 jobs. At the
Standard Project Flood analysis, although more theoretical, the
losses are much more significant. Table 2-9 lists these relocations
by major land use category.

The benefit to cost ratio for single structures was also analyzed for
those that had high losses and/or low corrective costs. It was
determined, with the aid of the computer program for residential
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TABLE 2-7
FLOODPROOFING -

COSTS AND AFFECTED OWNERSHIPS
(By Category)

1978 CONDITIONS AND PRICE LEVELS
ALL VALUES x $1,000

Category 100-Year Flood Standard Project Flood

# Value # Value

Commercial 42 17,000 82 11.5,130

Industrial 23 36,280 40 120,650

Residential 393 3,660 1,076 44,020

Public 5 150 11 3,490

Schools 2 80 5 3,350

Others 6 290 12 7,510

TOTAL 471 $57,480 1856 $294,170

Amortized over a 50
year life

6-5/8 - .069078 $3,971 $20,321
Annual Benefits 380* 760*

Approx. Benefits to
Relocated Structures 90 820

B/C Ratio .10 .04

Excludes benefits to relocated structures, (equal to approxi-

mately $88,000 and $820,000 for 100 year and SPF flood respectively),
nonphysical losses, exterior losses, roads and utilities.
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TABLE 2-8
Floodproofing -

Costs and Affected Ownerships
(By Category and Community)

Community/
Category 100-Year Flood Standard Project Flood

# $1,00 # $1,000

WARWICK

Commercial 21 15,000 44 104,600
Industrial 13 17,090 19 40,380
Residential 146 1,470 570 17,050
Public 2 70 2 1,290

Schools 0 0 0 0
Others 3 60 4 2,120

TOTAL WARWICK 185 $33,690 639 $165,440

CRANSTON

Commercial 11 1,130 27 8,300
Industrial 6 18,810 16 79,200
Residential 206 1,220 1,083 23,930
Public 2 40 8 1,710
Schools I 50 2 1,180
Others 2 220 5 4,540

TOTAL CRANSTON 228 $20,450 1,141 $118,860

WEST WARWICK

Commercial 10 890 11 2,230
Industrial 4 370 5 1,100
Residential 41 980 53 3,040
Public 1 50 1 490
Schools 1 40 3 2,160

Others 1 10 3 850

TOTAL
WEST WARWICK 58 $2,340 76 $9,870

TOTAL 471 $56,480 1,856 $294,170
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TABLE 2-9

NONSTRUCTURAL CORRECTIVE MEASURES ANALYSIS
RELOCATION REQUIRED BY CATEGORY AND ZONE

Zone 100-Yr Flood Standard Project Flood

Commercial 4 2 26
5 1 3
6 4 10*
7 1 4
8 - 6

Residential 4 - 216-175 in Meshanticut River

5 0 0
6 - 159-150 in Pocasset River
7 12 142
8

Industrial 4 1 8
5 1 9
6 3 4
7 - 3
8 9

TOTAL 4 3 250
5 2 12

6 7 173
7 13 149
8 0 15
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structures and individual analysis for nonresidential, that only
several homes in the basin were considered marginally feasible for
floodproofing. It was then decided that if the conservative
evaluation criteria was analyzed structurally the unreinforced
concrete walls would fail at a much lower head differential and that
this buoyancy effect would probably result in all floodproofed homes
floating away. Thus further evaluation as a single purpose Federal
project was terminated.

In summation, floodproofing measures acting as entities by themselves
would not satisfy the benefit-cost criteria. When combined in a
system with other measures, such as the structural program, they
could conceivably be a valuable asset to the flood management plan
for the basin. Such alternative considerations were evaluated in the
detailed plan phase.

STRUCTURAL PROGRAM

As previously discussed, flood losses occur principally in the
heavily urbanized areas located along the lower end of the main
stem. The most economical methods of containing these floodwaters to
either reduce flood stages and/or alleviate flooding conditions would
appear to be local protective works involving a system of dikes,
walls and channel modification, or diversion of flood flows.

The first element in this evaluation process concerned a local
protective plan consisting of Preliminary Plan A and A-i. Prelim-
inary Plan A would provide flood protection equivalent to the Stand-
ard Project Flood (SPF) level and Preliminary Plan A-i for the 100-
year flood event. These plans would establish a range of values for
determining maximization of net tangible economic beneilts. In
addition, the minimum level would also be employed in comparing
results of the structural with those of the nonstructural program
involving floodproofing measures. In providing the required degree
of protection, Plan A would require 13 individual local protection
projects; seven of which would be located in Warwick, five in Cran-
ston and one in Wes: Warwick. In total, the plan would require
39,300 linear feet of dikes, 23,400 linear feet of floodwalls and
7,700 linear feet of channel modification, plus provisions for
tenoorary closures of railroad and highway openings at 21 locations.
In addition to the normal pumping facilities for controlling the
interior drainage systems during flood stages, a major pumping
station at the outlet of Meshanticut Brook would also complement the
plan. Respective pertinent data together with a general layout of
Plan A are shown in Table 2-10 and Plate 2-2.

The preliminary project cost of Preliminary Plan A would be $38.0
million. With costs converted to an annual charge and weighed
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TABLE 2-10

PERTINENT DATA - PRELIMINARY PLAN
S.P.F. -- NATURAL CONDITIONS

Normal CONCRETE FLOOD WALLS
l  

EARTH DIKES
I  

GATE CLOS'RES
Flood WS. Average Maninom Average Maximum Channel

Projeit Elevation Eievatlin Height Height Length Height Height Length Modification
Sase n.a.I noa.. Cci (eel Feel Feet Feet Feet Feet Length (It) Sets Type

WARWICK

I .O ,5 1.9 2-Vehi ula.
Warwick Ave. to 13 to I i IA 2400 15 20 4400 1000 3 1-Pedentlan

26.3 6.0 20. 1

27.0 6.2 20.8
Elaood Ave. to to to 13 1: 500 15 1i 4400 0 1 Vehicular

29.5 1.4 21,

13.1 9.1 21.8
Jefferson Park Io to to In I, ?00 15 20 2700 2400 Hone

1 .7 12.0 21.

(1.8 14.6 1q.2
leva.to t to 0 0 II 14 1200 0 None

31.9 1S.1 IH.H

Warwick Sewage 33.9 19.3 18.n
Treatsent Plant to' to t. 0 0 0 14 17 2500 0 hone

34.1 1h.t I'.5

Upper Warwick 32.4 18. ) 19.1 18 22 1000 15 19 1600 3 Sandbags
artherIy to t o and ad and and and and 0
Bank 45.1 27.1 1H.0 IS 19 300 20 21 lA0 1 Vehicular

Upper Warwick 44.1 2h.2 17.9 1 Vehicular
Southerly to t to If 12 3800 15 21 3800 0
Hank 46.4 28.2 18.2 1 Railroad

WEST WARWICK

45.4 27.6 17.8 1 Railroad
West Warwick to to to 16 16 1800 16 20 2400 0

46.4 28.7 17.7 1 Vehiular

CRANSTON

19.7 5.H 13.9
Rhodes to to to 18 18 2200 iS 20 900 None

20.3 5.q 14.8

21.5 6.0 15.5 3 Vehicular
Cranton to o to 13 19 4700 12 19 6100 0

31.0 7.9 23.1 1 Pedestrian

33.5 11.5 20.0
Upper Cranston to to to 10 13 2100 18 20 1000 0 None

33.8 11.4 20.4

Pocasnet River 33.0 10.8 22.2 1 Vehicular
Westerly to to to 16 24 900 12 20 600 0
Bank 33.0 12.5 20.5 1 Railroad

Pocasset River 33.0 10.8 22.2 16 20 2 Vehicular
Ea-1erly to to to 14 16 800 and and 5900 4300
Hank 33.0 23.0 10.0 H 12 1 Railroad

TOTALS 73400 39,300 7,700

4.4 .1. 7.4 ni. 1.,5 n.

I Dimensions at observed from the landside portion to the top of the protective works.

2 Indicates the range of expected heights of flood waters.

3 Indicates the range of normal river elevations.

4 Indicates a range of the depth of flood waters above normal river stages.
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against the derived benefits, the plan as a system is not
L,.,-noruically justified. By evaluating Individual segments of the
plan, two local protection projects, Warwick Avenue and the Bulova
Complcx have benefit-cost ratios that exceed unity. A third project,
Eluw-iod Avenue, is being retained for further detailed analyses
because of the high frequency of flooding, the number of homes
subject to inundation, the water quality degradation and public
health aspects of having this area, all with septic tank disposal
systems, inundated, and the high degree of local support for any
degree of assistance in this scheme.

Preliminary Plan A-i would entail the sane number of projects at
identical locations for the same communites, but for a lower level of
flood protection. In total, the plan would include 25,800 linear
feet of dikes, 16,500 linear feet of concrete walls and 3,300 feet of
channel modification. Considerations for temporary closures of
railways and highway openings would be required for Plan A. A
general layout of this alternative plan is shown on Plate 2-3, with
pertinent data appearing in Table 2-11.

The total project cost of Preliminary Plan A-1 would be $30
million. Even with this lesser degree of flood protection at a lower
stage level, the Preliminary A-1 plan would be economically
unjustified. Segmenting the plan into individual components, and
including economic growth factors, the two same local protection
projects, Warwick and the Bulova Complex would be economically
justified. Elmwood Avenue project again is being retained because of
the Social and Environmental aspects.

Comparison of costs, annual charges and benefits pertaining to the
total plan and justified segments of both Preliminary Plans A and A-I
are shown in Table 2-12. These costs are exclusive of the pumping
stations, lands and damages, and are only preliminary based on a
minimum acceptable dike and wall cross sections. These costs are
based on preliminary 1973 materials costs and updated to 1978
levels. It is important to note that these wall and dike costs
cannot be compared to the more detailed project costs derived later
in this section. For example, the Warwick Avenue project listed in
Table 2-12 costs $5.2 million. Under a more detailed set of design
conditions including foundation and material analyses, the cross
sections were significantly changed. The resultant cost was over $13
million, or an increase of over 250 percent.

As noted in Appendix 1, a flood control survey report prepared by the
Corps in 1939 led to 1941 authorization of a flood control plan for
the basin. Part of the plan entailed a gated diversion plan, known
as the Pontiac Diversion, that would divert floodwaters from the main
river generally southward through a diversion channel that would
discharge at the head of the inner basin at Apponaug Cove, the
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TABLE 2-22

PERTINENT DATA - PRELIMINARY PLAN
IO-YEAR FLOOD -- NATURAL CONDITIONS

Normal CONCRETE FLOOD WALLS' EARTH DIKES
1  

GATE CLOSURES
Flood -.S. Average Haximum Average Maximum Channel

Project Elea Elevation Height Height Length Height Height Length Modf icatio,
Nm a1

3  
Feet

4  
Feet Feet Feet Feet Feet Feet Length (ft) Sets Type

WARWICK

13.8 5.5 8.3
Warvick Ave to to to 6 10 2400 7 11 3400 1000 2 Vehicular

17.5 5.9 9.6

1.8 6.2 12.6
Elmwood Ave to to to 6 7 500 7 10 4400 0 1 Vehicular

20.5 7.3 13.2

22.8 9.9 12.9
Jefferson Park to to to 6 6 200 6 10 2400 2300 None

23.4 12.0 11.4

25.2 14.6 10.6
Bulova to to to 0 0 0 5 7 1000 0 None

25.4 15.1 10.7

Warwick Sewage 25.5 15.3 10.2
Treatment Plant to to to 0 0 0 7 9 2300 0 None

26.3 16.3 10.0

Upper Warwick 29.0 18.3 10.7 10 14 1000
Northerly to to to and and and 8 12 1000 0 None
Bank 33.8 25.9 7.9 10 12 1100

Upper Warvick 36.7 27.0 9.7
Southerly to to to 4 5 1400 8 11 3100 0 1 Vehicular
Bank 38.0 28.8 9.2

WEST WARWICK

37.0 27.6 9.4
West Warwick to t to 7 7 1700 7 10 2400 i Vehicular

37.9 28.7 9. 2

CRANSTON

13.7 5.8 7.9
Rhodes to to to 10 10 1800 7 12 700 a None

14.7 5.9 8.8

16.7 6.0 10.7
Cranston to to to 8 14 4500 9 13 3800 0 3 Sandbags

Z2.3 7.6 14.7

23.4 12.9 10.5
Upper Cranston to to to 6 8 900 0 0 0 0 Hone

23.9 13.4 10.5

Pnceset River 23.0 10.8 12.2
Wester y to to to 12 14 800 6 10 400 0 2 Sandbas
Bank 23.0 12.5 10.5

Pocacset River 23.0 10.8 12.2
Easterly to to to 5 8 200 8 10 900 0 None
Bank 23.0 12.0 11.0

TOTALS 16,500 25,800 3,300
3.1 mi 4.9 el 0.6 mi

S Dimensions as observed from the landaide portion to the top of the protective works.

2 Indicates the range of expected heights of flood waters.

3 Indicates the range of normal river elevations.

4 Indicates a range of the depth of flood waters above normal river stagen.
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northwestern arm of Greenwich Bay. Due to lack of local assurances
in cost sharing, the project remained in limbo until its
authorization expired in 1951.

Present evaluation of a new proposal would accomplish substantially
the same function. However, the proposal would entail a variation in
alignment with a totally new concept for the intake channel. This
proposal would also retain its identification as Pontiac Diversion.

The Pontiac Diversion is shown on Plate 2-4 and would consist of
three components--intake structure, outlet works and the actual
tunnel-channel. Four different diversion alignments were analyzed.
However, all had the same intake channel and the outlet works into
the head of Apponaug Cove. The intake channel requirements have
changed significantly since the prior study. Route 95, 295 and the
Warwick and Midland Malls have all been built in the immediate area
of the intake structure. Because of the height requirements of the
control dam, significant portions of the above areas will be
inundated whenever the diversion operates. This would necessitate
that a system of walls and dikes be constructed to protect these new
areas. The dikes and walls would be about 17 feet high and cover a
length of over 17,500 feet. In addition, 3,200 feet of channel
modification, five closures for highway and railroad openings and a
massive pumping station to control flows from Meshanticut Brook would
be required.

The outlet works would be located at Hardig Brook, just north of
Route I in its tidal range. Such construction would necessitate
possible major modifications to the Route 1 bridge, the shoreline of
the upper cove, and the railroad bridge underpass, about 1,000 feet
south of this location.

Both Alignments A and B, with respective lengths of 10,400 and 10,200
feet, would involve two segments consisting of a reinforced concrete
open channel joined by a concrete lined tunnel constructed by a "cut
and cover" method. Both alignments would now require extensive land
taking with a minimum number of 10 homes requiring relocation or
acquisition.

Alignment C would entail a diversion route through Gorton Pond where
massive control gat s would be provided to regulate subsequent
discharges into Apponaug Cove. This alignment would have a net
length of 6,600 feet (exclusive of Gorton Pond) and would consist of
an open ahannel with reinforced concrete walls. Substantial
acquisition of prime land and a minimum of eight residential or
commercial buildings would be required.
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The water quality of the Pawtuxet River at the point of the diversion
is officially classified as "Class C." However, recent studies
indicate that the quality is significantly lower due mainly to a high
concentration of coliform bacteria. As the floodwaters would be
diverted through Gorton Pond, a local recreation area, having Class B
waters, significant additional adverse environmental degradation can

be expected to occur. Because of the relocations, the new intake
channel requirements and the environmental harm, this alignment was
also eliminated from further study.

Alignment D, considered to be most sui4table for the diversion
proposal, would consist of an 8,000-foct long, reinforced concrete
lined tunnel driven through bedrock. As the quantity of flood flows
to be diverted would be proportional to the head differential
developed between the intake and outlet, and to the cross-sectional
area of the tunnel, various tunnel diameters under different heads
were developed.

Rock excavation costs for tunnel diameters ranging from 20 to 35 feet
were evaluated by a computer-cost analysis program (COSTUN) and
results combined with costs of related features of the intake
channel.

The minimum costs for the above alignments would exceed $70 million
based on 1972 valuations for construction material and relocation
costs. Converted annually, this would amount to about r 5.5
million. In addition to these high costs, significant 2ocial
impacts, opposition by local interests and a high degree of
environmental degradation resulted in all four alignment being
dropped from further analyses.

An alternative to the Pontiac Diversion proposals was also studied.
This alternative, with its intake located about 10,000 feet further
upstream, was called the Natick Diversion due to its proximity to the
Natick Dam. It would direct excess main stem flows through a driven
rock tunnel from a point in the river located immediately downstream
from the existing Natick Dam to an outfall in the middle of Apponaug
Cove.

This scheme would provide substantial flood protection to existing
developments in downstream communities. It would be able to divert
floodwaters at a lesser cost due to the elimination of the walls and
dikes, as well as reduced real estate costs due to elimination of the
need to take any homes. Its alignment is shown on Plate 2-5.

In determining preliminary cost estimates of the Natick Diversion
proposal, a computer cost analysis program (COSTUN) for tunnels was
utilized. Methods involving conventional drilling and blasting, and
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a mechanical mole for four tunnel sizes ranging from 20 to 33 feet in
diameter with reduction in flows from 5,000 cfs to 18,500 cfs were
analyzed. it was determined that most of the tunnel diameters
considered were economically justified. All justified plans were
held in abeyance for further analysis tn the development of detailed
plans.

FUTURE ACTION

In order to strengthen the flood management program and provide long-
range solutions to the problems and needs of the study area, it will
be essential to have the cooperation of a11. flood prone commuinities,
concerned State agencies and other interested parties. Such an
opportunity exists in the consideration of the three remaining
corrective measures noted In Table 2-5, namely, reservoir
construction with emphasis directed to the State-proposed Big River
Reservoir project, reservoir management and land treatment
measures. At this stage of the plan formulation efforts, these
measures were considered to be future action (FA) programs
implementable by local interests.

The management and/or regulation of two reservoirs (the existing
Scituate and the proposed Big River Reservoirs in Zones I and 2,
respectively) to reduce peak flood discharges and resulting damages
could be an integral part of the flood management program. One of
the basic elements in such a complementary reservoir managewent
program would be providing additional floodwater storage_' at RBig River
Reservoir together with a change in mode of operation at Scituiate
Reservoir.

The Southeastern New England (SENE) comprehensive study recommended
early construction of the Big River Reservoir as a potential water
supply for the Providence Metropolitan area. It was previously under
preliminary design by the Rhode Island Water Resources Board as a
single purpose water supply reservoir.

As a future action, consideration should be given to increasing the
height of the proposed dam by a small increment, by approximately 2.5
feet to provide additional flood protection to downstream areas,
particularly the South Branch. This increased height would provide
about 9,500 acre-feet of flood control storage, equivalent to about 6
inches of runoff from a drainage area of 29.7 square miles, at a
minimum cost and minimum increase in environmental impact.

Additional flood storage at Scituate Reservoir would serve only to
reduce the required size of downstream structures, rather than
eliminate the need for them. Also the costs providing added storage
at Scituate were found to be greater than the corresponding increases
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in the size of downstream projects. Therefore, no further considera-
tion was given to adding flood storage at Scituate Reservoir.
However, some additional flood control protection might be obtained
through an optimum system operation of Big River and Scituate
Reservoirs. This could be accomplished by developing a mode of
operation whereby storage could be drafted prior to predictable
refill periods, thereby minimizing unnecessary spillage while
providing incidental flood control storage, and needed downstream
flow augmentation. As Scituate Reservoir will eventually be operated
as a system with Big River Reservoir, an arrangement and agreement to
optimize the vast water resource of both systems should be explored
as a future action, either prior to or following the construction of
Big River Reservoir with action implementable by local interests.

Presently, Scituate Reservoir operates solely as a water supply
system with its storage capability being cautiously maintained at its
maximum level whenever possible. Consequently, its present value as
a flood control impoundment is unreliable. Undoubtedly, its
potential for providing incidental flood control storage will
continue. However, with a reservoir management program forming a
future increment of a flood management plan for the basin, provision
for a change in mode of operation and provision for substantial
floodwater storage at Big River Reservoir would be in the best
interest of downstream communities. Such a plan of operation at
Scituate would not necessarily infringe on the firm domestic water
supply of the system but would optimize the overall system operation
in the best interests of the general public.

The primary objective of land treatment measures as a future action
for Big River Reservoir would simply be to alert the proper
authorities concerning erosion and sediment problems which could
occur with construction of the Big River Reservoir. Control of
erosion associated with construction activities should be an
imperative prerequisite to any land and water resource management
program. Erosion control measures should be coordinated with on-
going Soil Conservation Service programs of the U.S. Department of
Agriculture.

CONCLUSION

The results of the advanced screening phase are shown in Table 2-6
and are summarized in the following paragraphs.

The nonstructural corrective measure of floodproofing was found to be
economically infeasible for Federal involvement as a single action
program. However, it was retained for further consideration as a
supplement to four potential structural measures (Natick Diversion,
Bulova Local Protection, Warwick Avenue Local Protection and Elmwood
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Avenue Local Protection) that appeared to warrant further cons idera-
tion. The corrective measures of reservoir management for Zones 1.
and 2, provision for floodwater storage at the proposed Big River
Reservoir for Zone 2, and land treatment measures during the
construction of Big River Reservoir were retained as a Furure Action
program, implementable by local interests.

The No Action and regulatory measures programs were also retained for
further analysis for all zones. By their nature, these programs are
Ineffective in reducing flood losses to existing flood plain
development, but they may be used to preveti,- or control future
development. Both programs were retained for further consideration
as supplements to specific corrective measures.

DETAILED ANALYSES OF THE SINGLE PURPOSE ALTERNATIVES-

From the previous iteration, five independent corrective measures
were selected for more in-depth analyses. This phase would
necessitate detailed cost estimates for all measures as well as more
definitive hydrologic studies and economic growth projections.
Corrective nonstructural measures were eliminated in the previous
analyses because they failed to meet the benefit to cost criteria
necessary for Federal involvement or participation. Should any
interest desire to floodproof, raise or relocate his structure, it is
recommended that they obtain all necessary elevations and technical
criteria from this office.

Although Federal participation in other regulatory measures is
possible, most can be fully accomplished by instituting and enforcing
the provisions of the Regular Program of the National Flood Insurance
Program. Strict adherence will assure that the zoning requirements
are met and that subdivisions cannot be located within the limits of
the 100-year flood. Minor changes in building codes can also be
effected, resulting in further protection from flooding.

Detailed analyses of each single purpose measure follows.

WARWICK AVENUE LOCAL PROTECTION

From the intermediate screening phase this project warranted further
evaluation because the economic benefits exceeded the project
costs. A reevaluation was conducted. Based upon a more detailed set
of design considerations a new cost estimate was prepared for the
Standard Project Flood. Based on 1975 price levels, the estimated
costs as shown on Table 2-13 are $9 million. Updated to reflect 1979
price levels the cost is $11,250,000 exclusive of the non-Federal
responsibilities.
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TABLE 2-13
REASONABLE CONTRACT ESTIMATE STD PROJECT FLOOD

PAWTUXET PROJECT - WARWICK AVENUE DIKE

JULY 1975 PRICE LEVELS

Estimated Unit Estimated
Description Quantity Unit Price Amount

Preparation of Site 1 Job L.S. 20,000
Control and Diversion of River 1 Job L.S. 100,000
Common Excavation (138,415) 138,400 C.Y. 4.00 553,600
24" Protection Stone (22,349) 22,350 C.Y. 30.00 -'0,500
12" Protection Stone (2,184) 2,180 C.Y. 30.00 65,400
Protection Stone (lO'wide) (13,888) 13,900 C.Y. 30.00 417,000
12" Bedding Stone (10,995) 11,000 C.Y. 30.00 330,000
Crushed Stone (10,323) 10,300 C.Y. 7.50 77,250
12" Gravel Bedding (17,173) 17,170 C.Y. 7.50 128,775
Comp. Gravel Fill (14,172) 14,170 C.Y. 7.00 99,190
Comp. Impervious Fill (35,189) 35,190 C.Y. 5.00 175,850
Comp. Random Fill (23,713) 23,710 C.Y. 4.00 94,840
Comp. Sand Fill (6,923) 6,920 C.Y. 5.00 34,615
Comp. Pervious Fill (47,753) 47,750 C.Y. 5.00 238,750
Topsoil (1,517 1,520 C.Y. 7.00 10,640

Seeding (9,102) 9,100 S.Y. 0.50 4,550
Bituminous Pavement (1,088) 1,090 S.Y. 3.50 3,815
Concrete - T Walls (5,551) 5,550 C.Y. 120.00 666,000
Concrete - L Walls (1,721) 1,720 C.v. 120.00 206,400
Concrete - I Walls (276) 280 C.Y. 120.00 33,600
Concrete - Street Gate (348) 350 C.Y. 120.00 42,000
Concrete - Gravity Wall (668) 670 C.Y. 85.00 56,950
Concrete - Pedestrian Gate (140) 140 C.Y. 120.00 16,800
Concrete - R.R. Gate (260) 260 C.Y. 120.00 31,200
Cement (50,561) 50,560 Cwt 2.70 136,512
Reinforcing Steel (1,244,400) 1,244,400 Lb 0.40 497,760
Structural Steel - Street Gate 23,000 Lb 3.00 69,000
Structural Steel - Pedestrian Gate 7,300 Lb 3.00 21,900
Structural Steel - R.R. Gate 20,500 Lb 3.00 61,500
Steel Sheet Piling (9,383) 9,380 S.F. 8.00 75,040
8" BCCMP (sub-drain) (3,590) 3,590 L.F. 5.00 17,950

4,957,487
TOTAL DIRECT COST

Interior Drainage I Job L.S. 334,000

Pumping Stations 2 Job L.S. 720,000
6,011,487

+ 20% Contingencies 1,188,513
7,200,000

25% E&D, S&A 1,800,000

TOTAL CONSTRUCTION COST 9,000,000
TOTAL CONSTRUCTION COST (UPDATED TO SEPT. 1978) 11,250,000
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The project investment shown below is based on the then prev~iiling 6-
5/8 percent interest rate for a construction period of three years,
exclusive of lands and damages, a non-Federal contribution. The
operation and maintenance as well as interim replacomEnts, also a
non-Federal responsibility, are shown below:

Project Investment
Construction Costs $11,250,000
Interest During Construction 1,118,000

Total $12,368,000

Annual Charges
Interest & Amortization $821,000
Operation & Maintenance 15,000
Major Replacements 6,200

Total $842,200

The entire grouping of benefits for the Local Protection Project as a
single purpose flood control element is as shown on Table 2-14.

ELMWOOD AVENUE LOCAL PROTECTION PROJECT

The area that would receive protection from this inclosure is mainly
one family residential structures with about 10 small. to moderately
sized commercial firms that would begin to be inundated inu the range
of 2 to 4 percent frequency storm event. Because of increasing
urbanization in upstream areas, the frequency of flooding to this
locale has increased to a point where several times a year some
overbank-road flooding and measurable cellar flooding occurs. Most
of the homes in the area have installed sump pumps and some have
eliminated the usage of the cellar for any significant purpose. In
many instances the pumps are not of sufficient size to handle the
inflow of water. Recently, about every five years, significant
basement-road flooding occurs, and at about a 10 to 15 year
recurrence interval first floor flooding is received by homes.

Because of the projected increase in river stages due to uncontrolled
increasing nonflood plain urbanization upstream, more frequent
flooding can be expected with a subsequent increase in damages to
both a specific flood event and to the annual losses. With the
tremendous effect on the social well-being of the area's inhabitants,
continued evaluation of this damage site is mandatory even with only
a marginal B/c ratio.
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The total estimnated construction cost as of July 1975 was $2,313,000
as derived on Table 2-15, updated to 1978 conditions this is
equivalent to $2,900,000 exclusive of lands and damages and other
non-Federal responsibilities.

The project investment, based on 6-5S percent for a construction
period of 2 years) and the annual charges are shown below.

Project Irvestment
Construction Costs $2,900,000
Interest During Construction 190,000

Total $3,090,000

Annual Charges
Interest & Amortization $ 205,000
Operation & Maintenance
Major Replacements

$205,000

The annual benefits for the Elmwood Avenue area also were determined
to the same degree of detail as explained for the earlier detailed
single purpose alternative. The listing of benefits for the Elmwood
Avenue area is shown on Table 2-14 on page 2-45.

BULOVA LOCAL PROTECTION PROJECT

The Bulova project was evaluated in greater economic and engineering
detail. Based upon the availability of more refined engineering
data, it was determined that two significant modifications of the
preliminary projec-t considered in Step 3 would be required. Relo-
cation of a portion of a warehouse would be required as a measure to
provide the necessary land area for dike construction, or the use of
concrete floodwalls would be required for a portion of the previously
considered dike protection plan. The second modification would
require major relocation of a brook. Because of the additional costs
for providing these essential modifications, the project lost its
previous marginal justification and was withdrawn from further
consideration. The estimated cost for this project based on the more
detailed engineering and design criteria is 1.92 million dollars in
1978 dollars, while the benefits also would rise due to inflation
(about 30 percent). Further Federal involvement for the Bulova
project is unwarranted.

BIG RIVER RESERVOIR SINGLE PURPOSE PLAN

As mentioned previously in this section the Big River Reservoir site

was being studied by the State of Rhode Island for a potential water
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TABLE 2-15

COST ESTIMATE
ELMWOOD AVENUE DIKE

JULY 1975 PRICE LEVELS

ESTIMATED UNIT ESTIMATED

QUANTITY UNIT PRICE AMOUNT

Preparation of Site 1 Job L.S. $ 20,000

Control and Diversion of River 1 Job L.S. 5,000

Common Excavation (30,833) 30,800 C.Y. 4.00 123,200

Rockfill (Landside) (17,175) 17,200 C.Y. 10.00 172,000

Rockfill (Riverside) (34,635) 34,600 C.Y. 10.00 346,000

Crushed Stone (4,583) 4,600 C.Y. 7.50 34,500

Gravel Bedding (Landside) (12,776) 12,800 C.Y. 7.50 96,000

Gravel Bedding (Riverside) (8,596) 8,600 C.Y. 7.50 64,500

Comp. Impervious Fill (40,138) 40,200 C.Y. 5.00 201,000

Comp. Gravel Fill (5,739) 5,750 C.Y. 7.00 40,250

Comp. Random Fill (56) 60 C.Y. 4.00 240

Concrete-I Walls (404) 410 C.Y. 120.00 49,220

Cement (2,279) 2,280 Cwt 2.70 6,156

Reinforcing Steel (60,600) 60,600 Lb 0.40 24,240

Steel Sheet Piling (14,375) 14,400 S.F. 8.00 115,200

8" BCCMP (Sub Drain) (4,500) 4,500 L.F. 5.00 22,500

Interior Drainage 1 Job L.S. 100,000

Pumping Station 1 Job L.S. 100,000

Stop Log Barrier - Elmwood Ave. 1 Job L.S. 10,000

TOTAL DIRECT COST $1,529,986

w/20% Cont. 1,836,000
26% E&P, S&A 477,000

TOTAL COST $2,313,000
TOTAL COST (UPDATED TO SEPT. 1978) $2,900,000
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supply reservoir. (It should be noted that during the plan
formulation effort, this original concept was true up to January
1978. Up to that time the various protection schemes could consider
the use of this potential reservoir only as an uncertain future
action measure). By the addition of flood control storage equal to
the equivalent of a 6" runoff from the upstream drainage area, flood
stage reductions will be evident for all downstream reaches along the
South Branch and the main stem Pawtuxet River. Although the stage
reduction is less than 2 feet for the entire range of flood events,
it is significant enough to have a substantial effect on lowering
damages. The benefits are shown on Table 2-14 on page 2-45.

The final costs associated with the construction of the multiuse Big
River project are highly dependent upon the first cost of the reser-
voir project. Several different (initial) estimates have been
completed by the engineering firm designing the reservoi- f or the
State of Rhode Island. In addition, there are several contingencies
that must be implemented before determining the true value of the
water supply for Big River. The main contingency is the construction
of a water supply detention area in the neighboring Pawcatuck
watershed. When, and if, completed the water will be pumped from
this area into Big River for ultimate storage. A second problem
consists of the surf icial geology and the impoundmeat area. Geology
studies are presently underway to determine the suitability of this
site for water supply storage and these results may necessitate the
installation of an impermeable layer to hold water in the reser-
voir. This ca)st although attributable solely to water supply will
dictate the final cost of the water supply portions.

For the purpose of this report, Big River assumes that the Wood River
complex will be built. Two cost estimates are shown in Tables 2-16
and 2-17. The first is the water supply reservoir with flood control
storage added and the second is the estimate of only a flood control
res,-rvoir at Big River. The cost estimate for the water supply only
reservoir is shown on Table 2-18.

The resultant B/c ratios for the flood control separable cost alone
and the water supply reservoir only are 1.24 and 1.06 respectively.
The B/C ratio for the flood control reservoir acting alone is only
0.5 to 1.0. This is not economically feasible as a single action
flood control measure.

DEVELOPMENT OF DETAILED PLANS

This phase of the plan formulation efforts combined the single action
measures that were considered feasible for the intermediate level.
Detailed analyses were conducted on each alternative in this stage.
Ten plans were evaluated. Alternatives involved various
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TABLE 2-16

WATER SUPPLY AND FLOOD CONTROL RESERVOIR

COST ESTIMATE

UNIT TOTAL
QUANTITY COST COST

Site Preparation I L.S. $5,520,000
Stream Control - - 512,000
Earth X-Common 264,000 CY 2.00 528,000
Earth X-Borrow 1,459,500 CY 1.80 2,592,070
Rock X 203,800 CY 6.50 1,324,700
Earth Emb. (Rolled) 1,486,900 CY 0.60 892,140
Select Gravel 99,000 CY 7.80 772,200
Rockfill Placing 255,000 CY 1.80 459,000
Concrete (Mass.) 10,200 CY 130.00 1,326,000
Concrete (Reinf.) 10,400 CY 180.00 1,872,000

Bridges Superstructure 2,670 SF 37.00 98,790

Gates & Machinery - -

Stop Logs - -

Slurry Trench Cutoff 1,186,500 SF 19.00 22,543,500
Contingency 20% 7,680,000

Cemetery Relocation 160 graves 1,200.00 192,000
Road Relocations

& Reconstruction 22,000 if 160.00 3,520,000
Utility Relocation . 1,782,000
Buildings Ground & Utilities -- 222,000

E & D - 9% 4,666,000
S & A -12% 6,221,000

Land & Damages 8,985,580

TOTAL PROJECT COST $71,700,000

Note: Based on the Big River Reservoir feasibility report these
costs have been reduced.
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TABLE 2-17

FLOOD CONTROL RESERVOIR
COST ESTIMATE

UNIT TOTAL

QUANTITY COST COST

Preparation of Site 1,550,000

Stream Control _- ,07,000

Earth X-Common 82,000 CY 2.40 196,800

Earth X-Borrow 200,000 CY 2.20 440,000

Impervious Blanket 90,630 CY 3.20 290,000

Rock X-Open Cut 40,000 CY 10.00 400,000

Embankment (Rolled) 232,000 CY 0.90 208,800

Select Gravel 22,000 CY 8.20 180,000

Rockfill Placing 50,000 CY 2.70 135,000

Concrete, Mass. 7,600 CY 130.00 988,000

Concrete, Reinf. 4,200 CY 190.00 798,000

Bridge Superstructure 1,260 SF 40.00 50,400

Gates and Machinery - 26,000

Stoplogs 320 SF 60.00 19,200

Misc. Items 10% + 350,000

Cemetary Relocations 45 Graves 1200.00 54,000

Road Relocations 13,000 if 166.00 2,158,000

Utility Relocations 26,000 if 30.00 780,00'i

Contingencies 20% + 1,730,000

Buildings, Grounds & Utilities 10,000

E&D - 12 % 1,292,000

S&A - 15 % 1,615,000

Lands and Damages 3,626.000

TOTAL COSTS - $ 17,398,000

2 yrs. x 1/2 x .06125 1,065,630

Construction Cost $ 18,463,630

Interest (.06125) 1,130,000
Amortization (.0001086) 2,010

ANNUAL CHARGE $ 1,132,910

Using Preliminary Scrub Method

TOTAL CONSTRUCTION COSTS - 3,930,000
ANNUAL COST 452,000
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WATER ;UPPLY ONLY

Crest 303.0

Surcharge 4.0
Freeboard ".0

Elev. 0 ", of Dam

1. Reservoir Clearing

Clearing 3411 acres ( 120
0
.O0/acre 4,090,000

Demolition of buildings 300 1 1500.00 450,000
20 T contingencies 908.000

$1,448,000

2. !Nim & kppurtenant Structures

Preparation of site 46 acres @ 1900.00 87,400

Stream Control L.S. 512,000
Earth X-common 226,630 cy .3 2.00 453,260
Earth X-borrow 1,298,470 cv 1 1.80 2,337,250
Rock X 168,000 cy 13 6.50 1,092,000
Earth Emb. (Roled) 1,321,950 cy C .60 793,;.70

Select Gravel 85,000 cy @ 7.80 663,000
Rocktill !lacing 210,000 cv M 1.80 378,000
Concrete (Mass.) 10,200 cy @ 130.00 1,326,000
Concrete (Rein.) 10,100 cv @ 180.00 1,818,000

Bridge Superstructure 2,670 SF @ 37.00 98,790
Gates & Machinery (2 sets reqrd) 55,000
Stop Logs 224 SF @ 40.0U 8,960
Slurry Trench cut off 1,186,500 SF @ 19.00 22,543,960

$32,166,330

Misc Itcms 10% 3,217,000
Contingencies 20% __6,433,1000

Total Dam and Appurtenant Structures 41,816,33G

3. Relocations

Cemeteries 160 graves @ 1200.00 lQ2.000

Road Relocations and Reconstruction:

Route #3 400 I.F @ 160.00 640,000

Division Street 9000 LF 3 160.00 1,440,000

Harkney Hill Road 9000 LF @ 160.00 1,440,000

Henry Brown Road 11,000 LF @ 10.00 110,000

Utility Relocation

Electric 346,200
Telephone 346,200
Contingency 20% 679,050

$5,193,450

4. Buildings, Grounds and Utilities 170,000

5. Engineering and Design (8%) 4,210,000

6. Supervision & Administration (8%) 4,210,000

7. Lands & Damages

Land & Improvements 4890 acres 6,800,000

Flowage Rights 140,000

Resettlement Costs 55,000
Contingency 20% 1,400,00

Total Lands & Damages 8,395,000

Total Project $69,443,000
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combinations and design levels. One of the alternatives consisted of
the No Action plan. All alternatives assumed that flood insurance
would be available for the various communities withia the water-
shed. This would help eliminate future flood losses to new
developments.

From the previous iterations, it was ap,,arent that only the main stem
Zones 4-8 would be the subject of any further detailed studies for
any corrective measures, other than a potential reservoir site at Big
River. There was not any single action corrective measure that
passed the intermediate level of screening for the many tributary
streams, other than that previously mentioiuvd. The remainder of the
planning process dealt with the derivation of detailed costs,
benefits, environmental studies and evaluation of various flood
control systems combining corrective, corrective nonstructural and
regulatory measures.

The major components of the alternative plans are described in the
following paragraphs.

Natick Diversion Options - As previously evaluated, the Natick
Diversion was evaluated for various schemes having inside tunnel
diameters ranging from 20 to 33 feet and respective flow diversion
rates varying from 5,000 to 18,000 cfs. The 30-foot diameter tunnel
was the largest sized tunnel that appeared to be economically
feasible. Also justified as a single action measure was a local
protective works. A third measure was carried forth with minimal
channel modification because of the social disruptions that the
continual flooding has had on the area. The final measure involved
various considerations of Big River Reservoir, initial economic
evaluation of these projects in the intermediate screening had been
developed on the basis of engineering judgment and basic assumptions
without the benefit of highly specific engineering data, such as
subsurface explorations, field surveys and application of various
tunnel technologies, and environmental studies. As it became evident
that the Natick Diversion and two local protective works would
constitute key considerations in a basin management plan, more
detailed engineering studies were made so that the combining of
measures could be fully evaluated.

A comparison showing the effectiveness of a 30-foot diameter tunnel
with a 21-foot diameter tunnel at the Natick Dam is noted below in
terms of flood stage reduction, In feet, at a Standard Prozect Flood
event for each of the main ;tem zones following implementation of a
diversion project:
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FLOOD STAGE REDUCTION BY ZM :ES
DIVERSION
DIAMETER 4 5 6 7 8

'in feet)
30 Feet 8.5 8.0 8.5 4.5 3.0
21 Feet 3.0 3.0 3.5 2.0 1.5

This comparison demonstrates the effects of the Natick Diversion upon

downstream main stem reaches, in that the larger the tunnel diameter,
the greater the flood stage reductio0, and protection afforded by if.

As the tunnel diameter is increased, the residual damages downstream

decrease. Residual losses are minor for Zones 4, 5 and 6 but are
very significant (although still reduced by over 50 percent) for
Zones 7 and 8. The losses are independent of tunnel size. However
the smaller the tunnel the greater the residual damage.

Natick Diversion Pumped Storage Option - During the evaluation of the
Natick Diversion structure, a supplemental study was made concerning
possible use of the proposed tunnel as part of a pumped storage power
project. Instead of a straight alignment, the tunnel would have a
dogleg to the vicinity of Bald Hill (summit elevation 242 feet) and
would require an additional length of 1,000 feet. The closed-system
power facilities would include an 81-million cubic foot capacity
upper reservoir near the hill summit, a penstock conneeting w.iyh the
tunnel and an underground powerhouse. The tunnel wc-;Jd Serve as the
lower reservoir, with control gates at the outlet t"o pr,'vent salt
water from entering the system. Additional head COu1C bc developed
by tunnel deepening. Various installations were evaluated, ranging
from 22,000 to 57,000 kilowatt capacity, with average net head
varying from 370 to 570 feet, respectively. Preliminary study
indicated that peaking power generation, based on a 10 percent load
factor, would not be economically justified as a separate cost in
connection with the flood control features of the project. In
addition the separable cost of the power facilities also did not meet
the test of being less than the least alternative cost. Because a
gas turbine installation would represent a less expensive

alternative, no further evaluation was made of the Natick Diversion
pumped storage option.

Floodproofing Options - During the field investigations of flood-
proofing measures as a single action measure in the lower basin, the
study team also investigated the prospects for justification of
lesser degrees of floodproofing (i.e., protection against lower
levels of flooding) in the event that flood stage reductions could be
accomplished by implementation of Natick Diversion and complemented

by the then future action provision of floodwater storage at Big
River Reservoir. It was determined that the Natick Diversion plus
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floodproofing at lower levels of flooding than the 100-year was not
economically Justified incrementally. Therefore, n.' further Ycderal
evaluation of floodproofing was warranted as part of a combination of

measures.

Main Stem Alternatives - All alternatives would assume the availa-
bility of the National Flood Insurance Program as an effecti", land
use control measure and an effective measure for reimbursement of
structural flood losses and contents. All alternatives except the No

Action plan (Alternative F) would include possible additional regula-
tory measures, should the individual communities so desire additional
land use controls, plus the possible impleontation of future action
measures along the North and South Branches, which collectively could
reduce existing and potential flood problems along the main stem. A
summary of the economic analysis for each alternative, including
project costs, is presented in the Main Report.

Alternative A - This alternative would consist of the Natick
Diversion, wfth a 30-foot diameter tunnel. With Natick Diversion as
the only structural component, substantial flood loss reductions
would be realized in the main stem zones and in the tributary zones

affected by backwater conditions. Average annual losses along the
main stem would be reduced by the diversion to an average annual loss
slightly more than $800,000.

Implementation of the 30" diversion reduces the number of ownerships
affected by a 100-year flood event from 471 to 266, and tor an SPF
event from 1,856 to 959. In addition, the diversion also provides a
substantial reduction in water depths in the 266 ownerships still
subject to residual flooding by a 100-year flood event. In that

group the following residual flooding would be experienced: 6 to 11
feet in 94 ownerships, 3 to 6 feet in 81 ownerships and less than 3
feet in 91 ownerships. For the 100-year event, four ownerships would
(theoretically) have to be relocated, of which one is located in
Warwick, three in Cranston and none in West Warwick. In the group of

959 ownerships subject to flooding by the SPF event after the
diversion, the following residual flooding would be experienced:

excess of 11 feet in 316 ownerships, 6 to 11 feet in 113 ownerships,
3 to 6 feet in 180 ownerships and less than 3 feet in 350 ownerships.

A component of this alternative would be the future action elements

consisting of flood control storage at Big River Reservoir to be
built and designed by others and the regulation/management of
Scituate Reservoir. When combined with the 30" diameter Natick
Diversion to act as a system the proposal would be economically

justified due to the low separable costs of the flood control
element. The additional net benefits along the South Branch and the
main stem would result in a system of B/C ratios of 1.03 to 1. The
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tadditional flood stage reduction at events ranging from about a 1.00-
year event down to the common yearly type flood would remain the same
as the diversion Is capable of discharging the floodwaters. Hcwv': -

at events rarer than the one percent flood stage, reduction of one
half foot up to one foot is pos3ible depending upon the zone and Ohe

flood event.

Alternative B - This alternative would consist of Natick Diver4',,
with a 30' diameter tunnel and the Warwick Avenue and Elmwood Avenue
local protection projects. From the various local protection
measures evaluated as single action ' asures a plan evolved that
would provide local protection measures for extreme northeostern
Warwick extending from the lower limits of Zone 6 and including all
damaged portions of Zones 7 and R. A series of dikes, floodwav'.s and
other structures would provide full protection to the SPF event as
modified by Natick Diversion, to the residential-commercial area in
the vicinity of Elmwood Avenue (U.S. 1) and the Warwick Industrial
park and adjacent residential-commercial area in the vOcinity of
Warwick Avenue (RI 117).

Provision of the Natick Diversion and th' Elmwood Avenue-Warwick
Avenue protective measures would reduce average annual losses in the
lower basin to approximately $200,000 wich the 30-foot diameter
tunnel project. With the 30-foot diameter diversion tunnel and the
Warwick protective measures, most of the residual losses wo10- occur
within the Cranston portions of Zones 4B, 6, 7 anc4 8, iut protective
measures for these Cranston areas proved not to be crinorrtcally
justified. The remaining losses in Warwick Zones 4, 3 anid 6 and the
West Warwick portion of Zone 4 would be minimal following reductions
by the Natick Diversion.

Local protection measures for the Bulova Watch Company industrial
complex in Zone 5, which had been determined to be marginally
justified as a single action measure were reconsidered in combination
with the Natick Diversion. With the 30-foot diameter diversion
tunnel, flood stages would be substantially reduced so that flood
damages at the Bulova complex would be minimal. At the 100-year
flood level only the lower floor of the main office building would be
subject to flooding. Under such conditions, the use of sandbags at
the building entrances and adequate interior pumping facilities could

eliminate interior flood losses. Therefore, it was determined that
local protection measures acting in conjunction with Natick Diversion
would not be economically justified at the Bulova industrial complex.

As summarized in Table 2-19, implementation of Alternate B (Natick
Diversion with 30-foot diameter tunnel and Warwick Avenue and Flmwood
Avenue local protection) would reduce the number of ownerships
affected by the 100-year flood level from 471 to 148.
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TABLE 2-19
OWNERSHIPS SUBJECT TO FLOODING

FOLLOWING PROVISION OF NA TICK DIVERSION
AND WARWICK LOCAL PROTECTION
(Zones 4, 5, 6, 7, 8, 4B, 6B and 7B)

100-Year Flood Standard Project Flood

Community/ Natural Following Natural Following
Category Conditions Alternative C-1 Conditions Alternative C-1

WARWICK

Commercial 21 1 44 11
Industrial 13 1 19 6
Residential 146 0 570 16
Public 2 1 2 2
Schools 0 0 0 0
Others 3 0 4 4

Sub-Total 185 3 639 39

CRANSTON

Commercial 11 10 27 17
Indus trial 6 4 16 7
Residential 206 122 1,083 613
Public 2 2 8 6
Schools 1 1 2 2
Other 2 1 5 4

Sub- Total 228 140 1,141 649

WEST WARWICK

Commercial 10 1 11 10
Industrial 4 1 5 4
Residential 41 2 53 48
Public 1 1 1 1
Schools 1 0 3 1
Others 1 0 3 1

Sub- Total 58 5 76 65

Totals 471 148 1,1856 753
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A component of this alternative would be the future acticn element:
consisting of flood control storage at Big River Reservoir ard rl .
regulation/management of Scituate Reservoir. '':-n comb.-ied wit' ,--
above system, a B/C ratio of slightly above unity would be real'.-cr.

Alternative C - This alternative would consist of Natick Diversion
with a 21-foot diameter tunnel and the Warwick Avenue-Elmwood Avenue
local protection projects. The series of dikes, floodwalls and other
structures are basically the same as the previous alternative.
However, the walls and dikes are several feet higher than those
considered in Alternative B as the d,,,arsion cannot divert as much
floodwater into Apponaug Cove. Both local protection projects were
justified as single action measures in the intermediate level of

detail and combined with the single purpose Natick Diversion with a
21-foot diameter discharge tunnel.

Implementation of this alternative would reduce average annual losses
in the lower basin to approximately $520,000.

Local protection measures for the Bulova Watch Company industrial
complex in Zone 5, which had been determined to be marginally
justified as a single action measure in Step 3, were reconsidered in

combination with the Natick Diversion. With the 21-foot tunnel is
with the 30-foot diameter diversion tunnel, flood stage would be
substantially reduced so that flood damages at the Bulova complex
would be minimal. At the 100-year flood level only the lower floor
of the main office building would be subject to flooding. Under such
conditions, the use of sandbags at the building entrances and
adequate interior pumping facilities could eliminate interior flood
losses. Therefore, it was determined that local protection measures
acting in conjunction with Natick Diversion would not be economically
justified at the Bulova industrial complex. No other reevaluated
local protection projects were considered due to the high reduction
in losses afforded by the diversion.

A component of this alternative would be the future action elements

consisting of flood control storage at Big River Reservoir and the
regulation/management of Scituate Reservoir. When combined with the
above system, a B/C ratio of 1.25 would be realized.

Alternative D - This alternative would consist of the same two local
protection projects discussed previously--the Warwick Avenue and the
Elmwood Avenue local protection projects.
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COMBINED COSTS - LOCAL PROTECTION PROJECTS
WARWICK AVENUE AND ELMWOOD AVENUE

(Based on 1978 Prices, 6-5/8 percent interest)

PROJECT INVESTMENT
Construction Costs $14,150,000
Interest During Construction 1,308,000

Total $15,458,000

ANNUAL CHARGES
Interest & Amortization $1,026,000
Operation & Maintenance 15,000
Major Replacements 6,200

$ 1,047,200

The protective measures evaluated for the combined Elmwood Avenue-
Warwick Avenue area would protect the same area of Warwick (Zones 7,
8 and part of Zone 6) as considered in the intermediate screening
level. However, the project was evaluated in greater economic and
engineering data. Protection of this Warwick area to the SPF level
was determined to be economically justified. The Warwick local
protection project would provide a benefit of about $1,950,000.
While the local protection project for comparative purposes would
protect 150 ownerships that are subject to flooding at the 100-year
flood level, it is standard practice to design Corps local protection
projects in urban areas to the SPF level to avoid the false sense of
security that could result from lower levels of protection. In all,
the Warwick local protection project would protect 450 ownerships; 9
industrial, 21 commercial and 420 residential.

For comparative purposes only, at the occurrence of a 100-year flood
event, river stages would be 3 to 6 feet higher than those
experienced in the March 1968 flood, and 7 to 15 feet higher than
normal river stages. Under SPF conditions, river stages would be 11
to 15 feet higher than those experienced in the March 1968 flood, and
13 to 20 feet higher than normal river stages.

The estimated costs for the projects, evaluated as a system were
$1,130,000 on an annual basis. The overall systems B/C ratio is
1.72.

Alternative E - This alternative consists of the provision of flood
control storage equivalent to 6 inches of runoff at the proposed Big
River Water Supply Reservoir. The plan would also consist of a
management/regulation of both Scituate and Big River Reservoir to
help reduce flood stages by allowing some floodwater storage at
Scituate without losing any water supply potential. As Big River
would be designed for flood control, management of this reservoir is
less critical.
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Benefits for the flood control increment at Biga River are realized in
all downstream zones from the confluence of Big River and the, So'it~h
Branch down to and including Zone 8. The lt~i_ annual benefitL. f"ri

all zones combined amounts to about $500,000 oxciuding any growth.

The project, as mentioned previously, is not justified as a single
purpose flood control dam but when considered as a component of the
major water supply purpose is justified for flood control when cost-
allocated. The overall B/C ratio is 1.39.

Alternative F - This alternative would consist of the No Action
program--one that local int-rests would implement in the absence of a
corrective Federal assistance program. It is assumed that local.
interests would institute a program for controlling growth within the
100-year flood plains, at least the minimum zoning controls required
for eligibility in the National Flood Insurance Program. The plan
would be equally applicable to both main stem zones, and all major
tributary streams.

As this alternative would exclude the consideration of structural
components, reduction in flood stages for alleviating damages in
flood prone areas would be unattainable. Some intensification of
flood problems could be expected in varying degrees because of
continuing urbanization within the basin with the program. If the No
Action alternative is not implemented as a minimum program, flood
problems can be expected to magnify over the years.

This alternative includes the only means available for compensating
losses due to flooding, through municipal and individual partici-
pation in the National Flood Insurance Program. However, flood
losses would be only partially covered as there are no existing
provisions for compensating policyholders for nonphysical losses,
such as expenses for lodging during dwelling rehabilitations or loss
of income or profit while a commercial or manufacturing firm is
temporarily closed. In addition, the uninsured would receive no
monetary compensation; such a condition could result if all
municipalities do not participate in the National Flood Insurance
Program, which includes the requirement that flood plain zoning to
the 100-year event be instituted. Future flood losses along the main
stem alone would far exceed $5 million annually, including new
development that could be expected during the next 25 years at a
conservative growth rate. These estimated losses to potential growth
development with the flood plains, in excess of $2 million annually,
are based on analysis and projections of past development trends in
the flood plains.
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Alternative G - This alternative con3isted of the 21-foot diameter
Natick Diversion tunnel and the Warwick Avenue local protection
project. Alternative G is the same as Alternative C except that the
Elmwood Avenue local protective works has been dropped from consid-
eration. With this protection scheme, the estimated costs are
$3,558,000 and the total benefits or damages prevented are equal to
$4,545,000. Thus the overall B/C ra:io is equal to about 1.28 to 1.

Conclusions - The above seven alternatives were presented for comment
at a late stage public meeting held 14 October 1976. A diaft feasi-
bility report and EIS were prepared and disrributed to the public
prior to the meeting. Because of tremendou unexpected opposition to

the then selected plan, Alternative B above, some reformulation and a
new report was necessitated. The reasons for the opposition were
twofold; the alleged high tunnel project cost and the potential
environmental harm to Apponaug Cove-Greenwich Bay during e major
diversion event. At plan formulation public meetings in May 1975
during which time the various considered alternatives were discussed,
the cost of tie 300-foot diameter tunnel was cited as ranging between
$29 to $42 million depending upon the method of construction and the
quality of rock encountered. These costs were also exclusive of
lands and damages. The lower cost assumed that the mole method of
construction could be used, a 30-foot diameter mole machine was
available, the entire length of tunnel construction was adaptable to
the mole method and that the tunnel could remain unlined. The $42
million figure considered drilling and blasting with a thin shell
concrete lining the entire length of the tunnel. At that stape of
analyses, the deep rock borings along the tunnel's proposed route had

not yet been started. In the interim report prepared for the October
1976 public meeting, $49 million was recorded as being the cost for
the diversion tunnel. The opposition claimed that the costs have
risen unexpectedly $20 million in a 1-1/2 year time frame. Cited
costs for the tunnel at the late stage meeting were trying to
establish that even under the least likely-most costly construction
method, the project was still economically feasible. The detailed
geology analyses have subsequently shown that with the exception of
less than 25 percent of the tunnel's length the mole method--unlined
tunnel could be used. However, the uncertainty of the actual mole
method of construction and its availability necessitated this
Division reporting the higher cost, one that would in all likelihood
be reduced in the final detailed design stages, if the project were
to proceed that far. The $49 million figure represents only cost
inflation from the 1975 figures and inclusion of lands and damages.

The section on environmentaL effects of the diversion on Page 4-29
represents the most accurate summation of environmental degradation
that is available. The basis of these facts is the result of
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computer simulation studies perf',rmed by a most kn,,wledgeahle and
reputable architect englne,rIn., -irm tlhtp., 1r1 this ty .
work. To our belief the estimates of concen.ratior ;,,d duratior.
represents the worst potssble sit.u.ation. A.1 coatra Wt rv
statements expressed at the public meeting wcr. ,msupp iied by
factual data. Although the diversion was overwhotmi gi ipposed by
virtually all the speakers at the public meeting and su;'equently
dropped from the selected plan, it is still our position that the
environmental harm to marine environment in Apponaug rove and
Greenwich Bay is minimal. Also at t,,- public meeting little support
was expressed for the Warwick Avenue i.oject and only local support
for the L:nwood Avenue project.

In the next several months considerable discussions at meetings and
workshops were held with State and local officials to try to find out
what could be done to arrive at a publicly acceptable plan and still
provide a high degree of flood relief. The discussions included the
obvious--termination of the study due to lack of support. However,
reassurances from State elected officials, as well as State and local
Governments mandated continuation of the study.

At that time it also became evident that the State of Rhode Island
was now interested in having the Corps of Engineers as the planner-
designer of the Big River Reservoir project, and if justified and
environmentally acceptable, construct the complex. This then
necessitated a more accurate hydrological determination as to effects
downstream created by the Big River Reservoir impoundmelit. (All
initial studies used only preliminary approximations). Although
detailed answers were not available and in order to expedite as much
as possible the already delayed completion of the report, a final.
late stage public meeting was held on 9 May 1977.

At that meeting the plan discussed consisted of a multipurpose Big
River Reservoir project as the main element of the plan.and the two
local protection measures downstream (Elmwood Avenue and Warwick
Avenue projects) similar to Plan D. The meeting informed the public
of the new compromise plan but also mentioned that reevaluation was
necessary to determine the economics of the plan, as well as to
evaluate costs due to the new elevations brought about by the main
element, Big River.

Although verbal acceptance of the State's interest in the Corps
pursuing the Big River Reservoir studies had been received, the
additional delays encountered and additional costs made it necessary
for this office to have in hand a letter signed by the Governor cf
Rhode Island before any large scale study or expenditure or writte'
report was made.. The letter was finally received on 9 January 1978
requesting the Corps to study Big River.
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It became apparent that the preliminary reductions afforded by Big
River Reservoir needed minor revi-;Inns due to the interaction with
the frequency of tidal storms. Although reductions of 2.5 feet nt a
100-year riverine flood are possible with Big River's flood control
element, when a 100-year tide is considered the net reductions of
only one foot are predicted. With this, an increased height for the
local protection projects downstream had to be considered over and
above those proposed with the Diversion schemes. These dikes and
walls were from three to five feet higher than with the Natick
Diversion or one to two feet higher then originally considered with
the original Big River concept. The heights of the single purpose
flood control system of walls and dikes remainhed the same, but due to
the detailed soil analyses now in hand, a sig-nificantly larger dike
cross-section was necessary as well as the addition of two extra feet
of free board to account f or settling at Elmwood Avenue. A descrip-
tion of the soil conditions is described on Page 4-52.

Complete reevaluation of the Elimwood Avenue project became necessary
to see if it was economically justified.

Alternative H - Two new plans were formulated. The first is
fundamenitally the same as Plan D with the exception that the Big
River Reservoir will be planned by the Corps of Engineers and if
found feasible and environmentally acceptable will also be designed
and constructed. As the design of the reservoir and its operation
would be governed by the Corps of Engineers, flood control storages
can be carefully regulated and/or controlled. It was then necessary
to determine the stage reductions that would be evident due to the
modifying effect of Big River. The results of the hydrologic
analysis proved to be very similar to the [nitial assumptions used
for Plan E.

However, as noted previously, one important change became evident.
Because of the foundations and materials investigations and the
relatively dmall reduction afforded to the LPP's in comparison to the
diversion, the heights of the two local protection measures would
have to Increase. The overall effect on the Warwick Avenue local
protection would remain about the same as with the levels considered
under Plan D. The significant change occurs in the Elmwiood area
where the reanalysis indicated that riverside berms in the order of
20 feet wide will be required to stabilize the dike. In addition,
the reductions afforded under the initial scheme of Plan D were not
as great as with the recalculated values mainly because of the tidal
influence. The costs of the Interior drainage facilities also
Increased significantly. The cost estimates for the two local
protection projects as shown in Table 2-20. The annual charges for
the two local protection projects are shown on the following
tabulation.
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9TABLE 2-20
ELMWOOD AVENUE AND WARWICK AVENUE LOCAL PPnTECTION

Elmwood Warwick Tota nit
Avenue Avenue Qu'ant.ity Cost, ','.

Preparation of Site 1 I 2 ,S
Control & Diversion 1 1 2 LS
of Water

Common Excavation 42,000 139,500 181,500 4.7. "
24" Protection Stone - )1,950 24,950 35.00 768 , ?

12" Protection Stone - 2,210 2,21.0 35.00 77,3W
Protection Stone 24,000 13,900 37,900 3-.00 1,326,U '

12" Bedding Stone - 10,810 10,810 3r.00 378,'-
Crushed Stone 10,000 10,400 20,400 9.fr I P ".i,(
12" Gravel Bedding 17,000 17,480 34,480 9.00 310,320
Compacted Gravel Fill 9,000 14,530 23,530 8.00 188,240
Compacted Impervious 41,000 33,400 74,400 6.00 446,t400

Fill
Compacted Random Fill - 25,100 25,100 4.70 1i7,970
Compacted Sand Fill 3,000 6,930 9,930 6.00 59,580
Compacted Pervious 75,000 39,000 114,000 6.00 684,000

Fill
Topsoil 2,000 1,320 3,320 8.00 26,565
Seeding 11,000 7,780 18,780 0.60 11,268
Bituminous Pavement - 1,100 1.100 4.00 4,400
Concrete T walls 3,300 5,410 8,710 140.00 1,219,40,
Concrete L walls - 1,700 1,700 140.00 230,001
Concrete I walls 200 250 450 140.00 63,000
Concrete Gravity wall - 650 650 100.00 65,0('C
Concrete Gate Struc- 600 450 1,050 140.00 j47,000

tures
Cement 27,000 47,600 74,600 3.00 221,80l
Reinforcing Steel 602,000 1,170,000 1,772,000 .50 886,00)
Steel Sheet Piling 8,000 8,160 16,160 9.50 53,52')
Structural Steel Gates - 23,250 23,250 3.50 81,375
8" BCCMP 5,000 3,590 8,590 6.00 51.,540
Stop Log Barrier - 1 1 LS i 5,00)
Street Gate I - 1 LS 75,000
Interior Drainage 1 1 2 LS 507,00I
Pumping Station 1 2 3 LS 1.582,000
Pressure Conduit I - 1 . S I0

20% contingencies 2,206,5 2

E & D - 14.0% ,
S & A - 9.0% O '

Total with Lands and Damages and
Updated to September 1978 Price Level ,)8 )0".P',
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$18, 1.00 nc0

Interest during construction 1,80(),00',

Construction Cost S19,900,000
Interest (.06625) 1,31.,/;uU

Amortization .0001086 2,200

Annual Charge $ 1,320,b0O

(As a result of a workshop meeting held on 3 Marc!h 1979, after the

January 1979 f2ood, a new d.;aiage survey was conducted for all homes

in the Norwood-Belmont area as the residents feit that damages were
actually much hitger than previously estimated. All homes in this

area were surveyed. One area resident ha:- --en out of her home since

January 1978 when the localized flooding con letely inundated her

cellar and approached the first floor. The house was almost ready

for occupancy in January 1979. The entire heating plant and utility
room was relocated to above the first floor in a separate room.
However, the January 1979 flood levels exceeded the height of the

raised room. As of June 1979, she had not yet moved back into her
home due to the extreme heavy losses she received. This recent

survey shows a total annual loss of $3Pl,380 including the commercial

establishments. The benefits remaining after the reduction in stages

afforded by Big River are $284,160. Although the benefits are
$130,000 higher than previously reported, almost 50 percent, the B/C

ratio for the Elmwood Avenue portion would be $284,000 divided by the

projects annual change of $550,000 or a B/C of 0.52.)

Thus the total annual charges for the flood control eleient of this

scheme is $1,772,600 when the annual charge for Big River Reservoir

is added. The average annual benefits for this alternative are shown
on Table 2-14 on page 2-45. Although the resultant systems B/C ratio
is 1.07 to 1.0, the Elmwood Avenue area in Warwick would cost, at a

minimum, $6 million with lands and damages updated to present
figures. As the protected area is mainly residential homes, the

level of protection must approach a Standard Project Flood. At that
level there are approximately 85 homes and 10 commercial firms that
would receive damages. At the 100-year event 70 homes and 8

commercial concerns would receive damages. Only one of these

commercial firms losses are significant, but in terms of annual

damages are relatively minor. Considering the high cost to protect
mainly residential structures, the average home would cost in excess

of $75,000 each to protect. Few of the homes in the area, even with
the maximum relocation assistance provistons added on, are worth the

cited amount. Even though the area warrants some form of protection
measures a local protection Project would far exceed the costs even
with potential environmental and social trade-offs. Thus any further

consideration of a local protection project for Elmwood Avenue area

based on the updated costs cannot be considered.
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Alternative I - The second plan evolving from the reformulation
consists of the multiust! Big River Reservoir, the Warwick Avenu,
local protection and a proposal, called the Norwood Land Bank,
whereby the most flood prone homes in the Elmwood Avenue area would

be purchased by Federal interests. The same nonstructural alter-
natives considered with all the previous plans would also be
applicable to this scheme. The evaluations of the Warwick Avenue
protectinn would be identical to those considered under the previou:
alternative. The difference is that the consideration for a local
protection project for Elmwood Avenue has been replaced by a proposal
for outright purchase of 40 to 54 homes. As with the previous
alternative, Big River would be planned, designed, and if econom-
ically justified and environmentally acceptable, built by the Corps
of Engineer:s.

Prior to the 3 March 1979 workshop meeting, residents of the Norwood
area and Warwick officials had not indicated any support of a po-
tential acquisition program. After suffering flood damages in both
1978 and 1979 and facing the reality that flooding would always be a
threat, residents' support of an acquisition program grew. A
petition (see Appendix 3) dated 12 March 1979, in support of the
acquisition program, was signed and sub itted by many of the
residents of Norwood area of Warwick.

The benefits attributed to the Warwick Avenue loca- pr-:ecrt-n and
Big River Reservoir are essentially the same as has b' n calculated
under the previous alternatives. The benefits for ti)E Ntorwood Lanc
Bank consist of those allowable using ER 1105-2-353. The annual
benefits are then converted to a present wortb value using a fifty
year life and the prevailing interest rate of 6-7/8 percent. The
benefits are only considered for events up to a 0.5 percent na.ural
event, approximately equal to a 1.0 percent event after modificatfon
by Big River Reservoir's flood storage. The total systems benefits
are equal to $1,833,000 as shown below.

Benefits to Big River $ 725,000
Benefits to Warwick Avenue $ 950,000
Benefits to Norwood Land Bank $ 158,000

$1,833,000

The total annual cost for the protection system is $1,315,000.
Thus, the total B/C ratio is 1.39 to 1.0.

Alternative J - Plan J will be referred to as the nonstructural
plan. Nonstructural measures include floodproofing, relocation, and
regulatory measures to minimize flood loss. As regulatory and future
action measures are included in previous plans, floodproofing and
relocation will be addressed here.
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Floodproofing consists of those adjustments to structures which are
designed or adapted primarily to reduce flood damages. These
adjustments usually consist of barriers on windows and doors and a
watertight membrane surrounding inter[)r walls. Many other flood-
proofing schemes are also possible. * elocation is required when
water exceeds the limits of the floodprnofing.

Through initial screening it was determined that flood problems with
Zones 1, 2, 3, 4A and 7A were minimal and so no further evaluation
was required in these zones. Therefore, analysis was concentrated in
Zones 4, 5, 6, 7 and 8.

A computer program was derived to provide an initial screening of the
residential structures. The damage figures used in the program were
based on past damage surveys performed by this Division for various
types of homes, and the depth damage curves developed by the Federal
Insurance Administration.

It is evident from the figures shown in Table 111-2 where the B/C
ratios for the 100-year and SPF are .10 and .04 respectively, that
this alternative as a total system is not economically feasible.
While it would allow portions of riverbank to be converted to a
greenbelt area, the social camificatons would be significant as about
65 homes would have to be either raised or relocated at a 100-year
event. In addition, 13 industrial and commercial establish-ents
would have to be relocated, resulting in the direct loss of over 100
jobs. A large increase in taxes would also be necessary to offset
the new vacant lands. At the SPF analysis, although more theoret-
ical, the losses are much more significant. Table III-] lists these
relocations by major land use category.

Current regulations and review requirements necessitate the
presentation of a nonstructural plan among the final alternative
plans. The data used for this plan is shown on Pages 2-26 through
2-30. The governing regulation for determining benefits on nonstruc-
tural measures for relocations is contained in ER 1105-2-353. Most
of the traditional type annual damages cannot be claimed as a benefit
if either relocation or evacuation is planned. The only allowable
means consists of determining the net income earned by activities
occupying the flood plain with the project plus that portion of the
flood damages reduced by the project which is not borne by the
without-project flood plain occupants.

Structures such as Ciba-Geigy, the Warwick Mall, the Warwick
Industrial Park, Bulova, the Pontiac Print Works Building and the
Jefferson Avenue Industrial Park cannot realistically be either
floodproofed or relocated. Most of these buildings are slabs on
grade type of construction with concrete block wall construction and
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extensive use of glass fronts/windows. With the helghr of watr to
be encountered the block walls and/or glass cannot be floodproofed
necessitating relocation according to the intent of the regula
tions. At the Ciba-Geigy complex an additional fallacy of the
floodproofing requirements is evide nt. ManY of the first floors, as
well as sehfloors are inundated for the complex bousin, about twenty
plus major structures. Most range in size between six to ten
stories. They presently need expansion for increased production.
However, th,,y do not have any available land to exp,)nd , pn
were force.! to eliminate usage of th flood damaged floors, -hey
could concoivably move elsewhere.

The firms and areas mentioned in the preceding paragraphs constitute
over 90 percent of the existing flood damages. Summarizing: i'; ,
neither logical, practical nor economically feasible to fl:odpoof or
relocate these elements. However, in compliance with current"
requirements the nonstructural plan is included in the System Of
Accounts. As is evident, the plan falls far short of the requ red
B/C criteria necessary for project implementation. Thus, ronsid-
eration of this measure cannot be recommended for Federal
involvement.

DISPLAY OF ALTERNATIVE PLAN EFFECTS

SYSTEM OF ACCOUNTS

This phase of the analysis is the graphic prosentat 'f the System
of Accounts for the nine alternatives which warranted further con-
sideration as the result of previous iterations. The System of
Accounts (as required by "Principles and Standards for Planning Water
and Related Land Resources," published in September 1973 by the Water
Resources Council, and ER 1105-2-921 "Feasibility Reports: System of
Accounts") reflects the overall beneficial and adverse effects of the
selected alternatives. This summary of accounts is shown in Table 2-
21. Effects can be readily discerned, and trade-offs between alter-
native plans compared. This is an integral part of the planning
process leading to the selection of an alternative plan that best
meets the goals and objectives of National Economic Development
(NED), Environmental Quality (EQ), Social Well-Being (SWB), and
Regional Development(RD).

The System of Accounts (SA) displays information concerning the
geographic regions in which a significant portion of any beneficial
or adverse impacts would occur. The following paragraphs define the
various regions analyzed.

Within the Watershed - This constitutes the entire drainage area
within the Pawtuxet River Basin. The wat-ershed consists of portions
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of 13 municipalities all located within Rhode Island. This area
excludes the Apponaug Cove-Greenwich Bay areas as they are located
outside the Pawtuxet River watershed.

Within the Rest of the Standard Metropolitan Statistical Area (SMSA)

In some instances significant impaots occur outside the waterched.
This is the case for Alternatives A, B, C, & G which involve di-
verting floodwaters into the Apponaug Cove-Greenwich Bay areas, and
for other studies involving interbasin transfers of power, water, or
water pollutants, and for navigation stud1es. Significant impacts on
such areas are likely to occur primarily a6 a result of large scale
plans, either individually or as part of a system. In this study,
the SMSA is the Providence-Pawtucket-Warwick area, which includes 23
Rhode Island cities and towns, plus 10 contiguous Massachusetts
cities and towns.

Within the Rest of the Nation - The Principles and Standards (P&S)
specify components of accounts which were considered in filling out
the SA. Only components to which a significant contribution occurs
are displayed. Subcategorization of the components displayed is used
to further specify the source and nature of the contribution.

National Economic Development (NED) - The NED account reflects
lncreases in the nation's productive output, an output which is
partly reflected in a national product and income accoun t-inc
framework designed to measure the continuing flows of goods and
services into direct consumption or investment. For the NED ac:ount,
flood control benefits are shown for the flood plain of Zones 4
through 8. This account is filled out in dollar terms. Benefits and
associated costs are expressed as average annual equivalent basis
using appropriate periods of analysis and the prevailing discount
rate. Price levels for this display item are as of June 1976.

EnvirG,.aental Quality (EQ) - The environmental objective is enhanced
by the management, conservation, preservation, creation, restoration,
or improvement of the quality of certain natural and cultural
resources and ecological systems in the area under study here and
elsewhere in the nation. This objective reflects society's concern
and emphasis for the natural environment and its maintenance and
enhancement as a source of present enjoyment and a heritage for
future generations. This account, along with the two accounts
immediately following, have footnotes that depict specific impacts.

Social Well-Being (SWB) - This account includes most of the benefits
traditionally termed intangible under existing practice.
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Regional Development (RD) - This account in-ud - -ats of the
proposed plan upon the impacts and in terms oi resources displa-ed or
better used in the event that the plan is irpren!'e- Other ' a:
ples are the number and types o. jobs gained or losr duv to the
action, the effects that the action has on distrbutIon of pop.-
lation, or losses or gains in output resulting from extn-nal
diseconomies within the relevant regions. If a direct monetary
economic benefit or loss is attributable to the action, t is
included u"nder the heading National Economic Development°

Nomenclature - Footnotes used for ti: Svstem of Accounts ananJyf-s are

as follows.

CODE MEANING

General
YES Effect occurs in region shown
NO Effect does not occur in the region
NA Effect is not applicable to the region
NQ Effect has not been quantified
NE Effect has not been evaluated
* Effect is specifically designated in Section 122 of

Public Law 91-611 as one which must be ide:uifi'
and evaluated

Timing of Impact
1 Designates that the impact is expectc, > '; -ccur

prior to or during plan implementation

2 Designates that the impact is estimated Ur vr,r ,.,
15 years or less after implementation of the p ;m

3 Designates that the impact is estimat21 to occur
later than 15 years after the implcmentation of
the plan

Uncertainty
4 Designates that the level of uncertainty associated with

an impact ts greater than 50 percent
5 Designates an uncertainty range of 10-50 percent
6 Designates an uncertainty range of 0-10 percent,

thus suggesting that the impact is virtually certain

Double Classification

7 Designates that the SWB, EQ, or RD account item
analyzed has been fully monetized and counted as an
NED beneficial or adverse contribution

8 Designates that the SWB, EQ, or RD account item
analyzed has been partially monetized
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Actual or Potential Effect
9 Designates that the contribution would likely occur

without any action by any entity other than the pro
posed implementing agency, or the required action
is extremely likely to occur through the economic
or natural physical systems

10 Designates that the achievement of the beneficial
contribution requires positive Governmental action
by another agency, other than cost sharing. The
adverse contribution associated with this action
would likely be prevented by Government action

11 Used when coordination indicates that the action
required by other agencies would not be forthcoming
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TAB"E 2-22

EFFECTS ON MARINE FLORA A. FAUNA

SUPPLEMENT TO SYSTEM Or ACCOUNTS
APPLIES TO ALTERNATIVES C- I AND C-S2 ONLY

AFFECTED AREA IS LIMITED To APPONAUQ COVE - GREENWICH RAY AREA

Yearly Diversion Rate 15 Year D-nrsion Rate 100 Year.D ivesonRt 14. 550CFS Dinerajay .Rat

Sen~esFootnotes 21'I- 3 01 Di,. Tunnael 21 & 30' DZ. Tunnel 21, &1 30' -i Tanel"I C).. unlOl

Early Life Stages- De-trction of Year Cl... Desruc io of Year Cl... Destruction of Year Class
Eggs .&La rva. 2. 1.4.9 Negligible io Appooaug Cove and in App-nag Cone and in A ppona g C ove and Large

-------------------------- --- - -------- -- - - -- ~OiqPD £QrSqoni-cI AY PynxL2_Ptn FA Po~rtionof Onrettirichpcy

Adult Stagea 2. i,4,9S Negligible Negligible to Slight Sonie Mortaly Some Mortality

Alewoife
Adult 2. i.4 49 Negigible May Affeci flaming May Affec Homin May Affect Homing

Instinct and Result in Loss Instinct and Result in Los. Instnctand Result in Los*
of Major Portion of Spawcn- of Major Portion o1 SpawnO- of M jor Portio .t Sean-
ing og ing

Earl, Litr Stages. Destroction of Year Class Destruction of Year Class Dstutof Yeae Class
Egga .1,1.,-a, 2, . .4,9 Negligihfr in Apponaug C ove and in Apponaug C- onand to Appanaug C ove and Large

Portions Of trenwc_ e! wj jorij-nofre pj a

Adult Stages Z,.3.4,9 N.ogliible Slight Minor Mortality Some Mortality

Soft Shell Clan
Early lir Siae - Destruction of Vcar Cl... IDratencti of Fear Cl.ss Destrtin. of Year Cfoes

Egg. n L lrvae 2. .4,9 Negligible in Appona.ug C ove and In Apponaug Cov-e nd inAppoug C ove and Must

Adult Stag... 2. 1.4.,o Negligihir Slight Lnss ci Irt Year la.& Cuss of F-rt Year Class.
Pu...ihle Adults in Appiiuaug Possible Adult, in Appiinux
Cnnraod SmaItfPoriusoi Coveand Portion .ufGren.

Comma Germu 2. i~.9 Negligible ileathi r Coetmunicy Structure Lns. in Apponaug Cove Loss in Appanaug Cone
in Appenaug Cnve Affec ted

Rarur Clain
Early C le Sa.es lietroctin of )ear Class Destruction of Year Closs Destruc.tion, Sf Year Class
Egg. & .Lama 2. ic. 9 Netliiiiile in Aponra.g Cove and inApponaug Cove and Large in Appanaug Coave ad

- ~ ~ ~ ~ ~ ~ iein if - --- --- en --- --- i --- h fl- - P-tcui -I en h-a --on flre t Ony

Adult Stages 2, . 4. 94 Negligiiile Negligible in Slight Slight Same Mortlity

other Innetrtes
Mostly Puiychaetr 2. t. ,9 Negligil Possible Change in Btenthir P f'she C7hange in 1t7th"c Possible Chang, in Penthi

ciim-mvy Strutur in Commniy Structre in fimmoniiy Structure Thrugh-
Apponaug Cove Appoug Coeandiotiono-tAppan.upCnovean dAllI

of Greenich Ba, of Green.ich I-.,

flte timing ifa lod -net Is important 1i impact prdi tns.Sm marine anmal.. spawn io differetsam and the -ronerceen of spaswnir aydpn
nenolenonirytaf ques. sui h a. -rtperat-ir i- duration of dalight. The impact toac h aml listed has heecnidered, as though a flood event otirred

shrtyb ftr t rp-tine spawning preiid. All animsi listed will noeh similarly affe-ed by aparticulae flood event becaus of them difteeeetp--,io
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t DESCRIPTION OF PUBLIC INQLV.MEM' :')AM

In keeping with the policy of the Chief of ---:; :(, .on'.ct o
Civil Works program in an atmosphere of public und>; afixing, trl. ,
and mutual cooperation, all interested individuals eoo w-,:r ncleo -'c

informed and afforded an opportunity to be fully heard and the!;:
vLews considered in arriving at ,zonclusions, decisions, at-A recou-
mendationq in the formulation of civil works proposals, pians, ?,,
pro'Pct siid on the proposed uses of navigable waters. ',-;rm.l
organized aiid announced public meetings provide one Important
means of ar:'omplishing this objectivr Other desirable 20b!:t'
participat!on and Information measiurc,; such as workshops Arl-I l .
coordina"on between towns and individuaLs also contribrted t- this
ob0-.ctive.

Formalit-" is Intended only in respec to organization and
anaouncement. The atmosphere of the meetings were informal to .;e
extent prazticable, in keeping with the concept of pullic Involvem..t
ard the need -o encouirage and develop more meaningful, two-way c n..-
ni(-ation.

The primary purpose of the public meetlg was to help to insnre t-a
solutions to flooding pr-hlems satisfy !-he needs and pref-renr-e , f
the people to -he maxlmum degree possible within th hound of <,
State, and Federal interests, responsibilities, and ,' 1-orit.es,.
More specifically, the purposes of the public meto'', .:r. t, .r"n
the public about studies and proposals related to §-)o.-,..u" anrd tc
give all irtorested persons aa opportunitY t fulto . * 3': c1y
expregs their views concerning wich studies and ..... to
and exchange information which will assist all. those .-- o:..ed .
arrtving at sound conclusions and recommendatfons: and to crnr,:fi:
to Interagency coordination.

Nn initial meeting was held early in the course ot the study, in Ma'r
1969, to advise the nature and scope of the study, to open lines of :

communication, to listen to the needs and views of the public, and :c
identify interested individuals and agencies.

A formulation stage meeting was held during the course of the study,
in Pay 1975; when all alternative solutions were reasonably known,
generally after the completion of preliminary studies but before a
plan had been tentatively selected. A meeting at this stage is
critical, and its scheduling and conduct is given careful
attention. A major purpose of this meeting is to present the rerults
of preliminary studies, including the advantages and disadvantages of
the various alternatives to the extent that such information h.a been
developed, and to further develop public views and destres, particul-
larly as they relate to the various alternatives.
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If the preliminary studies reveal that further studles a;.e
unwarranted, a public meeting at this stage is held only at thl
discretion of the reporting officers, giving appropriate c-ncJ-

deration to public participation concepts, including unrus,,
circumstances.

A late stage meeting waa held in 1976 af;er detailed studies but
before report completion. Findings of the detailed studies, inclu-
ding the rationale for any proposed solution, and the tentatI,.
recommenflations of the reporting officer were presented. In tho
event that, due to the nature of the study: the formulation stage
meeting was, in effect, also a late stage meoliag and the propcccd
plan was a foregone conclusion at that meeting. a late stage meeting
may he dispensed with, if approved by the Division Engineer. How-
ever, it must be apparent that no residual pub!!c meeting requirement
is being imposed on the Board of Engineers for Rivers and Harbors,
In all cases where no structural improvements or similar investments
by the Corps of Engineers are to be recommended, a late stage public
meeting will be held only at the discretion of the reporting
officers, giving appropriate consideration to public participation
concepts, including unusual circumstances.

An additional late stage meetring may be held for those studies where
there have been no recent public meetings and there are indications
that public acceptance may have changed materially or that further
public views should be sought. Similarly, an additional lat- Stage
meeting may be held In-those cases where there have be-n rnubstsntive
changes in the tentative plan previously presented. Such was fhe
case in this study resulting in a public meeting in May 1977.

Following are summaries of the public meetings held in 1969, 1975,
1976 and 1977 in addition to correspondence received regarding ench.
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SUM*LNRY OF MAY 1969 PUBL!le, mFPTINGS

To afford individual citizens, municipal and State ofl:rcials ,j!
other Federal agencies an opportunity to present their views a,.,
desires concerning the need and extent of improvemeqtc on flood
reduction measures and other interrelated water-orle'-!ed ret--cx1Ecs,
in the Pawtuxet Basin, four public hearings, 9, 12, 15 nnd 22 Mav
1969, were held at the initiation of the study. Thogh these four
public hearings were intended to cover the entire Pawcac ' :'-
Narragansett Bay Drainage Basin (PNB) study area, as mandated by
seven Congressional Resolutions, two of these hearin-s were h..] in
Providence and Kingston, Rhode Island -. two areas ccntinou, P0 the
Pawtuxet River Basin.

All interested parties were invited to be present or representeA at
these hearings, including representatives of Federal, 5tate. co-nty
and municipal agencies, and those commercial, indus,.rial, c.vic.,
highway, railroad, water transportation, flood con.rc.. . and other
interests and property owners concerned. They were afforded Zul.
opportunity of expressing their views cooeroI:ng the ,hAracter
extent of the improvemants desired and iI:c noed and eiv ;,abilry cf
their execution. Sponsors of improvemnt measures were urged to
present pertinent factual material bea'.Yg upon the grneral plarr • of
improvement desired and to give detailed supporting data on tb<
economic justification of the undertaking. Opposing fnterot:. were
also urged to state the reasons for their position.

Oral statements were heard and for accuracy of the -- ,' cd, s!)
important facts and arguments were submitted in wrift . 7, rme handcf
to the hearing officer and others mailed to his office.

Most of the attendees supported and concurred in th: .tud',,
Excerpts from the record which reflect their general . titud.. -

The General Manager of the Rhode Island Water Resources Board hro -<'I
attention to the State water supply plans which t'ogli .-eve_ .
of new surface reservoirs and groundwater supplies, , :d prw,>" e
State with an adequate supply for all purposes up Ihe ,ear 72.?,
These plans were presented in order that proper ccns.-teratio i wcv,2

be given in light of the flood control studies.

The Warwick City Planner, who represented the Mayor, spoke abot .
damage created by the flood of March 1968 and the cit.y's conre,rn
interest in the investigation. His realm of concern '.entered on f"
intensification of land utilization causing faster r:wcff of i' i'

waters in the rivers, thereby giving greater impet,.s x futurc
flooding.
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The Vice Chairman, Pawtwcet River Authority, formerlv thi Po

I ~~~~~ I: Ksni s v ' t nl.oiiok;
~C iii d1. lod -i f , retork~sta, if ; , hotri' a id

r: t. on ;i i tttes3 anti~v .......... oo~

t ': i-qhtta.ics of thNe watersh -'d of tbe FPiwtuxet Nlyer.'

Thu~ .- ~ 'inng do lopments ;ind w4 -Ir, ; . he watereh v t :
nrs~nc ...... onontd~eomt. !'1sloned in:r'

,I:ons r ~i I "-'~ *.: 1* 1.p l (n th.'.
cr'. .x~~ sir~-~hlg~~r~ * ~ o~ -OP pogram tooQi'C 1

~' ePt 1nd exqiansion ot' re;, t.ier fad~~ Some~
i r -,.s v me would iinclude. Ih ntrusi-,-1 irnvo 1"-.

F no orb 1v -,.1.d wa!3!.eg ind er_,s ion se'I§ mon.:if~done i'n be"' !?v4
.1epn, trn and Hi t-In debris. tedetariorated envirn-i-,et '-hich
PreC 1u1io; rcanoplng and otho-r rer-'-pafionalI u.se. Aihe re'-kcles I -j)-ng
,)f wol'inds ail siv.inim, thn fa.;' miituring xoco--, trtlif4 in ! rlny Of
the Lakcts ani pnndq, andflc1'g

A ro- oai"o' t-he Appalachia 1'it.n b (AMC.), Narragansoltt
Chapte~r iicIt Sp1n,'l~' "ss: h e, be used wlhe", "-tie!

coa' L~ratin Incluir' attera-i-ti- or mnlt 'Icat i.on o~naltirall' .on
qnd IhtallIoo~ltu factors 1:z wighed. The r a; a
sqI -:i_,; ;kDa, n n all poiliriticn avd h oped thn! lkate;s ~ rU'.
d 'v!end For -r ir pplies be not rcstrl rteI to trn '.r~~.-t~.

S1.bsw'--f a:0 to i- rri i.1nrlernent information recelvei at thu'o. 1
meet 3' m4 ; f ull 4 ovali-it'- ar'i updat-e tho. inventory o : '$ 'no,'
problon.i )catitonuj na~l other wat.,r rescorke3o Pecds. ! zW-tersra'3 i
snf-h %;el~o !-e mailed 'o responsitble local ogca~~iup
rt-. nutmerous3 'nformal meetings withr State- agencios and r'

Pat-.-,~ e Aithcrity, and ~o~ionntactp with F'i 'e~
an! i ord* L lionl '-tizens were intiated,

At first, t-heri! was a lack of internast resulting mnostly f'ro*M an
'riwar-n*ess nf the arrious flood p~robloms to which the Pawnixelt Rlvn-r

' 1db.! stibjecred. As the s tudy progresoed -rid 0-h
potei' ' lood prnbi.m s~n.urfaced. meet rugs became mvi- 'rui' ~il w.i.

!r~ta~osof general support and imn wtllingnest; ;-.ntt.
tn th-' (if: tb~ton the stai~y.

'Uinct tnt.atllon -)f Hts ba.0i V st-idy, additic'ni.1 rmt:ixcsft fror Federil
-i~ttnII qI r sol .7ivl( sperii p, ()oi' problem'i I-iae be-."r reomi'te.

:-'orre -ie r-qetent. have *x ion cons .oo ird'ct i t
a.- ,!" .t Th', I' 1.11 to H-ie ;orps of I-:n,,tncc3 sinhl aG ~ (

of 1-1- I'loo-I 'font ro AV'.t C- 1943, as ijrnl-tld. Of ihcr -c



received and processed came under the pitrvieR oC the (J.,r,

~~a~ne~ 1', t *as j' .1 Sect4 "n ;2C2 of 0ha .

Cognizant of the floodt h- u . ;:i continuous encro,' r,-.
flood plaina, the '1ty o/ 1j'au' raquestel fined ' :.. ..

studies on .he Pawtxt -r r three tributary nam"
Pocasset .v.r, Me!'ha,!,tc.ic and FIrnace Hill Brooks: C-' .v
,-oinplef ed t.) date 1 is b -2;, the .7'-izit River, ac, o- - "-'
Roil. Ccnxrvation Service, 11,S. Deanrtment of Agrct,,:iro. C-

streams & ,uid be noordirsw:ed with ,!: resultant plan o! 'ls. .
and with ct'aer Federal agencies wht.>,,I itplicable an.-I wo-
compleU!on in the near future. All. c,.v 'r't tes In the I i .
applied for flood insuran,e assistiane -xder the Na;.e.on ,.io--,

Insurance's Program, and ara. opeating under e_-ther the rra.?

emerger-y programs.

Other requests for imprnooment desired Included channeJ :3,odil'.cir'

involving various meth'.ods of rest.oration work such a.

a. Possible elimination of abrupt turns and o1Knwq,

b. Widening, deepening and channel realignment. of rrai-

stretches of riier.

c. Improvement of waterway areas at bridges, c;.,t, , . .

constriction points.

d. Selective planting and/or revetment works for "

erosion problem,.

e. Removal of shoals, sandbars, and piles impeding ,'nor Iwv:'

flows.

f. Removal of vegetation, overhanging trees, shrubs, and accumt--

lated silt and debris at critical points.

Numerous other requests were made involving the removal or sricturaB

stabilization of oli dams as well as modification of enitstirg alkes.
ponds and reservoirs for providing an added measure of flood V ,o:e-
tion.
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SUMMARY OF MAY 1975 2'' 3. JC rMrri'[NG

nif 5 'Ia; and ;" Iay 1115, public -

Cr nosl , , RLho le Island to h-ia - F. I" t' P! tO 'ofls

-r 'f Ladfng ani related pi t~he~J'

-Rire PVer I t r tut-ary S,- A-- f~ ', th, 'ice r-, ',

!') :Tndividinls z- rv zi lt p: ,!-.,ira 1 _y in iRhori-c -
w 'h Olri't 123 in att ndanre 1)-!r,.een tht rwr met"t-ings. The ntrg-
btegaa - h an or.'e )Ef the 045 F- Idy fo-.1wc-i b,1 a p

[ :airn thle te.' -,L-a aspects of~ he -oplans pno'
f' the Pawruxet R1 ~ Basin. F- ma~n, d -i -_oan appr' c e:1.

'D--IS ~,I~:51 '&' :lme ~* 0 t-he !:o ril'-d- p.l;if8 "A", 'A- -

'13", "B-V C', -l' and "D%. Aitefa ^.es A and 'A-!"iv "(

B" and "D-1' nr'-' 'od dtfferenf gnrne:!. 5o0f C~o F-" L I ParA'.,
IDi'jerSion -,~ - and "ik q~' nvolv;ed thie Natick Diversion
In ron j'roc'. . :-:1 i Itioijt! e r, - ton works3. A L' : "!)" i'-,t
-.he Warwick 1 1 Protnctiri Proj-. MIjy- emphasis. at. This
meetIng, wa3-s cr d on the Natl1c': Diversiton as -woul..i~'
suLh-'t3-1t1ii *r>fl'--n._ e'n reducing flool ict i-.ee [ orricins'

herL'er-

11.1ut by '-be rpeoT, at t'ice meet,1Lg ;ias f.:rbe ,'u.:

gener~illy w2m'e In siioporr of the proje.ct and rtha' the oj-
Engtneecs contitnue ii~s sttudy of the Pawtuxet wataisrht_-t..

A resolutton 'is I-~a y the We'it Warwick Town Pl1annei. c'12
projlect suanprt. : Tow.n rcuncil oenD-inr, -ho ~~t:,tj'
environmeitail impac statemnent. .1ao o Wlhr~
lendinS support of 0the State of Rhode Taland Genocrai ih"
Repres-r?-itive !.ayr "'-Donald presented a i'esolufic f i~v.-t~ cal ' f-hAf
of tI.- caIres f-tom !-1-e 1ious-W Th''iu!a vnCa of 7ncm-1 Gc r:11
Gibbo-..c- 'olccu his support for the contininig study of the eto
plan.

The Mayor of the olty of Warwick, also supported the continlie')c- of
the diversion project through Mr. WtIliam E. George, City Pianner for
'.varwick. Hne %' -o stated that the formal city position will be tro.do
within 60 days of re,-eipt of the environmental impart statemnif: 3,1
ither economlc. data. Also sa2-2ral o "f the reo3idents of the affer'ted
areas alsi) gave comments in cili'ort of the proposed Froiecnt.

Qitestions which wera asked by att13ndee-i of I-lie meeting cenvtcrcA.
maiAly on the at.-F'cts of the stib -surfare tuiviel :--i thei 9frucitlreR
above, po-.ent-tal imp-its on Apponaug Cove, affect3 on spiclilfc iomra -

I- fLV-)d-d aI-P Und why c ertatni aroas w(. rn nmit-ted re'
c LprOterctiC-f.
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One resident of Warwick asked questions expressing conc.'cn In sever!
areas. First he wanted to know the affects of turbu>vnce .'a ,L h;

the outfall of the tunnel la the ApponiAg Covu :roa t:th resp.::
hi h,me In that area and eru uno Also he wanted t;- 'fniw how
diverI-,i or flood water would affect the flcodi- pr, bJ2ms In ,
cove a:, A third a Qa of consideration cen':ered it.-elf on tic-
amourt! o, sill' . ud be dVied in the co re ar- " "'
environmental impact, imposed on the. Apponaug Cove.

In response to turbu.ence the NED staff pointed out that t±e
velocities caused by the outfall would be confined within the st-ru:-
tured cell of the tunnel and would b,- dssipated greatly as :t e'-!:ers
the cave. As far as silting and depositton is con cernetd, t'he cor;s
is !eJxonstble for maintaining all Federal channels t*hat fI... , .relge

so It. wo ld behoove them to preve-it cairning r[l,.i..g. 3t is
indfvfdualfs responsibility to prevent dumping Into tll. r":r,
causing pollutional as well as silting problems. Wlhn snmething gets
thrown in the river it acts as a little check dam witfh a reeultant-
buildup of silt. The NED staff could not giyv ,-. e4! :t answ
regarding the potential environmental impacts since t he impact
analysis had not as yet been completed. !t was noted that they tan-
to determine what the hydrologic Pondition in the cove would 1a, !.1
particular the stress put on the bots o6 a result of the miying ?f
salt and fresh water. A question was raieed conce-alng th:'e me : ice -
tion or removal of Broad 3traet Da. in order to a&' ,:'oe
flooding In a driveway. The NED staff stated that . -, ,. ha'--
no effect since the watar comes up above t de dam af ,sui of the
tides anyway.

Resporio. -,7as made to questions presented in a 1etter froT thce
Department of Planning and Urban Planning. The first questinn was
could we (the Corps) regulate Scituate Reservoir, Flat River
Reservoir and the proposed Big River Reservoir I n lieu of much of rhe
structural features that we are considering. The response was that
it has been considered and included in the analysis. The modifica-
tions necessary to provide flood control at these sites wou.1d r-esuit
only i.s 70% of the flood control provided by the Natick Divereion.
Also, in tLhe case of Flat River Reservoir, additional water supplv
storage would be needed.

Another question posed was to what extent will the proposed dil.;Ilm-
intensify downstream flooding. It was stated that some of the
storage along the floodplain would be lost due to d'kiag but. ;,bat
would be outweighed 1 -; the amount of reduction the diversions o<ld
provide. The next q-.estion dealt with the extent to which existinp
small dams could be used as flood regulators. The staff resporded
that small dams can't be used because of their ins;ifficient f - rjg-
capacity. Also posed was a question about the possibility ch ehnnnpe
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modifiratton as a means of reducing flood stage-,. The ,..-, p1 : n

was :hit- ..J would not he praet1'al due ?' t-he hydrail .c - '. r -1;
r Lver and oxhows in general. The !le-:t .iue.?-Ior va, -; r 'i d, 1:r. th
d!spnrsal of rock excavated fromi ,-h- -;:,rnel area. T!), P"
qtated that some of the rock .,d T .nped at t-hp eN:>;' ,
Protection Project and the remaindr s.'.he- sold o;r dlspo! t. r.f il

some other manner.

A r- stdent of ,iancoouver Avenue ws , about an e .1l"t and

clear 'title to his home i." the tunrnol rr.a l!.rec,:ly beneath t-'IV h,Iseo

The N7.D staff r-!'; onded by stating that tlt (!o-vrrnment wou d1 t,! , -T,
easement and a:Jed that it: shouldn": affect. the pot-ential sale ef M;i
pr:)perty whtle rminaal rights and other detlals would be cover,'"
th, agreements si_,ned by the affectel peopleo

One resideat e,pressed the only antt-tunnel concerns at these
meetings. They stated that they would not live above the tunnel and

felt 0h . ( w-'s unfair that they be subjeCt to thlls while w. the
same time their garage was subjeot to floodlng Also, Mhy couldn",'
the tunnel be routed into Greenwich Bay. The NF saff s.tated that
diverting into the Bay had been studied and it was determined to le

i nfeasLble. While no plan can prote2 everyone, Corps representa-

tives would be down to talk ,nq try to make suggestions to curn t-b-

floodiicn problems.

A resident uf Sumner Avenue raised the question as to 1, 1, r,,:- s

alo-ig the river would be affected by the dike, Th- NP
explatned I'hat the present alignment of the dike wonlr atI-",

five homes, These homes would be moved back, remaln-i ipC '.n f
neighborhood. The ectent of the move had nat yet bt-ea ,Ic-ur.:n,

A resident of West Warwick was concerned about floodng pr :b es fr

Baker Street Brook. They made it a matter of record that 0,he pcp.L
abutting the brook would like to be part of the project if at all

possible.

Residents of Warwick questioned the affect that drflli; g 'or blastint

would have on the homes at the surface. The NED staff -'tr.,ed that. ;3:

the present time the conventional mea3ures of drilling ,nd blastint;
were being considered although if the bedrock conditions are

favorable a mole will he used. The mole is like a largc hind drill
that chews away at the rock. The staff didn't know e:4actly That -I

blasting affects would be al':hough subsurface explorat.icas wra be] ,

made. Successful blasting ha'3 been done at other Corps pro'or'ts prd
the specifications included provisions so that an eco.sive),, large

charge Is not. used.
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Sa of 14op aat, &r.

IN GENER/vL ASSEMBLY
JANUARY SESSION. .. D 1975

.NAI,: RESOLUTION

RESPECTFULLY REQUESTING lE UNITED STATES ARMY
CORPS OF ENGINEERS TO COUYTINUE THE WATER RESOURCE
STUDY OF THE. PAWTUXET RIV.R BP: T ESPECIALLY THE
WARWICK AND NOOW.OD LOCAL PiOTiE::i'ION PROJECTS.

WHEREAS, Following the lte, vy damages suffered during the storm

of March 1068 and February and April 3970, a study was undertaken to

improve flood control, navtgation, water supply, water quality control

and allied water use of the Pawtuxet River basin; and

WHEREAS, A comprehensive approach by Federal, state, local and

private agencies to flood control management provides optimum development

of water resources; and

WHEREAS, The Pawtuxet DiVep 1B3asin which is subject to both riv-'

and tidal floods has experienced disasterous floods in 19t, )38, o3

and twice in 1970; and

WHEREAS, Since the 1968 flood the entire basIn has undergone

Aignlficant land use changes; and

WHEREAS, The Warwick Local Protection Project will provide dlke,,

walls, thus, affording protection to over two hundred home;;. busine,

and industrial establishments; and

WHEREAS, The Norwood Project would provide a dike to afford a

substantial degree of flood protection for the residents of Elmwood

Avenue in Warwick; now, thereforo, be it

RESOLVED, That the U.S. Army Corps of Engineers is hereby

commended for their excellent work and is respectfully requested to

continue the water resource study (f' the Pawtuxet River Basin, especially

the Warwick arid Norwoo-1 local Protection Project.;; and be it further

RESOLVED, That the ;ecretary If !;ttL- be and he hereby is

aulhorized and directed to trani it a duly cr't fied copy of this

re;olut tin to the United Staten Armv Corps of Enilieers.

o - ,



Otatt of l£t1bI iihulb ub P~rnhui'tLru Plantatiua

Erpartwent of Otatt

.1ROBRF. BURNS A"

eort~ Q rift t,,i1 o~ 1q - -o

RE.SPECTFhULLY REQUESTING TtiE UDIIThT) STATES ARMY CORPS Ui 0IJER

TO CONTINUE THE WATER RESOURCE STrUDY 0OF THE.- PANqTUXET RIVER LAdIN

_T,;P-('1.AL2Y rilE WARdIi'K AND NC!{WOC D I~t,tAl, PRO~TI:fION PROJECTS1 tli,

jame _being_

4/e6N ,(AJ die 61qq1 , l 6 7~. V/ si aw/ai' ati d

t' January Session of theGeneral A.-,emLly,- A. . 97on tiw

;it day of May, A. D. 1975.

If~/ my k~i(nd' el //,1 / .11 1/

1 _ May C



Ohtr of 1&ioLbr 3htanb, &r.

IN GENFRAL ASSEMBLY

IANUARY SESS1I0,, . D. IQ0

HOUSE RESOLUTION

RESPECTFULLY REQUESTING THE UNI'T1., STPTES ARMY
CORPS OF ENGINEERS TO CONTICNUE TH!, WATER RESOURCR
STUDY OF THE PAWTUXET RIVER BASIN ESPECIALLY 'IE
WARWICK AND NORWOOD LOCAL PROTECTION PROJECTS.

WHEREAS, Following the heavy damages suffered durl', the stor'w;

of Parch 1968 and February and April 1970, a study was undocrtaken tn

improve flood control, navigation, water supply, water qualty control

and allied water use of the Pawtuxet River 1tasin; and

WHEREAS, A comprehensive approach by Federal, state, loco- v:;,-

private agencies to flood control management provid(- . opi<fum devel .

of water resources; and

WHEREAS, The Pawtuxet River' Basin which iso S-orl ,,-

and tidal floods has experienced disasterous floodrs in 393-r, 1938, t968

and twice in 1970; and

WHEREAS, Since the 1968 flood the entire basin h:s under.on,

significant land use changes; and

WHEREAS, The Warwick Local Protection Project w]i'l provide dfl:x:,

walls, thus, affording protection to over two hundred home:s, busines:;e;

and Industrial establishments; and

WHEREAS, The Norwood Project would provide a dike to aff'etd .-

substantial degree of flood protection for the residents of Elmw.'

Avenue in Warwick; now, therefore, be it

RESOLVED, That the U.S. Army Comrs of' Engineers .s hereby

commended for their excellent work :Lnd is respectfully requested to

continue the water resource study of the Pawtuxct River Basin, eF-pnce.] ly

the Warwick and Norwood Local Protoeotion Projects; and Vo it further

RESO VED, That the secrfl.ary of state he and he hereby is

authcrrLed an] directed to transmLl, (iuly corl-i-fiod copy o 'iJ

re:solitton to the United States Arrey C' r :; of Enfi Jnor;.
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Otate of Shxiit 3stanb aub Frambturi, IIantalion

OrpurtnIn o'f Oatir
Offire f t~p #rrzaril of Otatr

/FRDET1 A. M.ASSARO -Fi i-t 'ptfcyo/
5 e'

RESOIl'TION -RESPECTFULLY REfltTESTINr, T IFt UNITFD STATES ARMY CORPS

OF ENCIEERS TO CONTINIUE THlE WATER Rj SOURCE STUIDY OP TJITl

PAWTUXET RIVER BASIN ESPECIALLY THE WARWICK AND NORWOOD LOCAL

PROTECTION PRO,:ECTS.; the same being

~~ ~ //, ro' Oytqy4y f*) a, 44 s a N el comawelq~ /e

op! v~al~ioaau enzesoLit on 75iH-f,54 ased- in tli,,-us Hoiqlpf

Representatives at the January Session of the General A.-Foirh'v,

A.D. 1975 on thje So'reith clay of May, A.D. 19?5).

anurwam ww~aini eon/d and'q1/coew/rn dz Vl7e

Jn sUraltmng 11hra', - 9 ar~e Xrews1

* je/ nl xv k rn / ey/Kr.'/ ,/t~.

__e__ eqh t h

May __

F i r f-t PP11 ty ecet of Stea
1 ;2



At a "special Meeting of t' e Towt ,oijnci ,if thic ,.wi .

West Warwick held on the 7th day of May A. 9' .1 5, L

members be 'ng notifi.ed and a qu.c- m being pren.ont th1

follo1 n T 'PEOIUTION was unnnirmouiy adopted:

RrS!;'T..VFn, that WEPIFAS, the ?atick Diversion Pro -ect

proposed by the New England Division of the Prmiy Corps of

Engineers i,; in the best interest of tl, e Cit izens of 1,7,<;,

Warwick in that it will prevent fieoding. in the Flc,.,d l'ln,:-

along the Pa ,tuxe . River n a po icon of -. en.si:. ,Ic ,

Rhode Island 205, locally designated as val,:. 7'1alf

Be it Therefore Resolved, that the To. -

the Town of West Warwick supportFs said prc,.*(-(-t in tt. ,  ,'ten-v

pending the results of a comprehensive Fnvironment. i fnmpact

Statement on the Pawtuxet River Basin.

A TRUE COPY.

ATTEST:

... .. C1 I ' R . .
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'Yi 0OF W ARW IC K, RHODE ISLAND

. C t tY LAiN
I 028316

. 1-,t. john H{. lasor;

* c.,te Army Wztpa oi Engineers

Waitl-am, iiassachusetts OZ.2.4

Rcko n:e Rlver Lasiu Flood Px-,j (,(L

* *. Clio M ayor, rnernbcts of the tiL _iuncii, and varcious
1~( hai held informal discuss.Loas on the Pawtraet

iici , tLr atu at the projectf was initiated by
.::cMsvLr uf tiaa 1968 t~ooding. Thke record of ltir

0-:oLa lReservoir been f uP. when the 1968
A. i~ive :-nereased "'tom $50U,0J..p to $15,U0O00,,

1 lrsLg'ilficant Jlani use changes have
I j ixL(LUC L or has5 icure t. Lji river basil invo v-

Wv nwj ek Hall ftwu siopping ceti-ers wich1 pmesent.Ly ovca-upy
I, Loor sjpica and !lave a tot.:L of 125 retail stores).
1 CiOu"' Yp'x Su~ova Comopany, Ciba-Geigy Chemical,

a i. veLiuu of real. ptliperty oxceede a low of 90
.:!I! m i.i with apjproximateiy 4,750 jobs in the

!,L. 1 add- tloa, the City tEwerage Tteat.
-;ver basiu. u e.a_;iss of 200 families in thet

LII ru LDyo a 100-,myeav loud. T"hese are sai..Lcnt
*.,Ot cc L;:Uaied in a A;plit. manner.

ofarl~ ;x'oiuesiis thut uu-j&Jng study on the
lAt Lk w i 0t' ioWa !2ote:_Lion projcts included be coutiLnuecu;

be s ccadueted, ald thlat coiut benefits be oiorc
* 210., r')n a,;'- a.- meuii aad cc'-... b-ntfit in~rm~atioa

'--1, a form it fi-ac.;:p og s not. b,.iiig made on thi!e

-sben ,reieered an,? Nvarioai cpftions revi.[c.o

4. j I ,-,ward its~ recommead-i. 'H ijo will c< tjW. m
* q jof the klc. i~sdry irl uoo cr- .

. L t1 6,



t~, LC urders jned, arms residentAs (if the elmont Parli-
section of ~owoin % arwcK, ~.i.. Althou 'h we ai'e
uraab.Ie to attend the meetin,- on uLie havticlz ivervion,
Aovwoou arid 1arwip-it Pr2ojecjf,, we % .:;Ad liie tu nc-.e ~
knv . ;.ht we woubd like the Army r.orpD) of Lnc-tneers
to con~.inue with the study of theze projectL, aB we are
In great need of protecti,.n from the Pawtuxet River.

0-, AA~-.. ~ -

.- ~4"4-"

r~ ; ~L



f ~ I T I

' ,e, the r.i: of pelmorit Park, located in the
,or'ocd Sect ion of 'h arwick, 1-. I., would like to go
on :.ecocd as belng in favor of the Army Corps of
Ltr Ineer,1 continuina t.heir studies of' the Natick
Uiveuiol., afid Nerwood and Warwick Projects.

-L

V I %(Ji

. -, / -• ,. . •4 -

-t-

. . = .- iz-z..Z- -- '_-, ----
-

,y/ l "~ , - ,. I,

IVA

7k AhL eT -7f

I , s. .=.i t " ,. .-.... ,. / . _ , -.

; , ,k• I!, . . ..

-I .- , " . -' .. ' 'S:.- < ,, " . . . "
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V

fh', residLL. , of BIolmont Park # have a serious, legitimate complaint about

lood.,, pr'Lbi Lnis. 'lht .eople of thaL are-,a want and deserve protection and the city

A L! I ,I.Ig tiolL LO i.Licov;,2 it.

io s-caatioil in this urea is piecarious because the city has all&wed growth

,- uA. ic-o+ piauo, thz state has opened the flood gates at the reservoir and the

O. the river hen Route 95 was constructed.

I iiaiv been directly involved with the residents in this area for several years.

i 1ct'.-, ,ally got involved filling sandbags to build dikes to stop flooding several

... o.a d i requested that the Army Corps of Engineers come up with a program

i:, at'.,viate Kiood problems for these peoplel and I have stated at prior public

a!.W,; tiat aor. pa! ;:%r -elif must be developed.

.2v. . aaV b!..V raised concerning the proposed diversion tunnel in terms

_, .,, 1; cost factor and possible adverse aifects on some sections

-- • je- iny Corps of Ii is,..r, should go back to the drawing boards

Sa p that alilt orovdc (.iif from normal flooding to thu Belmont

Ic;, v ' < se.e vfcting th( other sections of the cit).

p,1:.. t:aonl Park don't want to hurt anyone else or pollute Apponaug

.;;.I L,: to protect the r own homes.

V I .
p '):' n,>ireers should consider a project that would involve

Corn, I: w -i .s of uikeL, Lo provide relief to that area. The- tunnel

,i i . ,.y to prowJ . .elief ard v i w a I cannot condone i

.L - t.i , iv,,,rsely affect the residents of Greenwood livi,., in the path of

. t. i .i ,)L a plan that wtill pol.kL te Apponaug Cove.

" . .. ,. C ,sid~ ort Warwick who have seriou-; objections to this plan. Rather

1,a) Lhe oL ' ;i.ig, I would lIke : see the Army Corps of Eigineers come up with

a me10 r,-ai itic, modest plan to provide relief to Belmonth Park without affecting th,

oe i1



of t sensible jmm - land use plan and new oning c'nancc ", safcguar,!

residents from further flood damage lossie due to encroachmcnt eli tei. ff,,

plain. A statewide solution is needed to cncourage land acqjis; fi . r C

ta7 encentives which promote wise land use.

JI

3-19.
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M E,::.: P THE XRMY CORI ()F ENG I NtlHIL I. DT ES iJD A F pK

fMi NA~ME IS. [OM ,NICK J. ROmEjO kNP I'll E S ENTL' R1,1'31I.; "

223 THIRD NVENUE IN CRINTON. I HAVE LIV!ED IN 'IlLS VJEC

SINCE 1941. FOR 66 OF MY 68 YEARS OF LIF Ti' P AVL kALWAY3

HES! DED WITHIN A STONES THRiON 0i' ThiE BINKS, CP TFPi PAN'nXl:T

RIVER. I OWN ' iPROXIMNTF!,Y 2 ACRE") OP VAU NT L'ND 1ROINT1N(

THE P.,WTIIXi;T RTVjFHl IN CXS1Oi

I WOULD VENTU1HE A GilES S Tts P Hl E NHE LEW !N 'V ni S R 'OM

WRO HAVE HAD *\3 MUuH EXI'ElifhNuE OR NVHO COULD SPEkY TO 'HE

HISTGRY OF TiliS RIVER RELATED TO FLOODING BASED ON ;T

KNOWI 1EDG E. .L EM~mBER VE.,RY WELL THE HURRICANES OF 19 7 t?

1954. EVEN DURING THESE MOST SEVERE WEATHER CONDT.PION;. !,

IS-fMPORTANT TO NOTE THT THE PAWTUXET RIVERl DID NOT Gli!l.;rTE

SERIOUS FLOODING TO NREAS ALON6 ITS PU~LL LEN(TH.

mOST REuFNTt.Y, IN AN EFFORT TO (1,1 ITArIJ 7B ON I? 111' .1

FEARS THAT MO:"T HIJMvi'iS HAVE OP' FLOODS %ND HURRICANIE ;, FIhrT

OF THI, AI.ONP i' tk NL RE'x IN S iBE'440 PRE k~LElA-N1) I %1'K ;;,Nj

IN CRANSTON, WERE~ I N&PT?1' STi-:D TO MOVE i; UHlNG T11E 1I11 l 2'P HL?l A:NY,

WRN; 14G. ONi:1E MUT N.IE 'k b%\;I C0~'S i WAS PIN HI ANY INI; NT
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ON THlE PART OP' NY LO(,AL OFF IC,. kljS Oil THE ki.Y '1< J )F ENj(i

TO IH \ X TVPE O' PhkNIC f N i'flit MI ND',Q2 T~:

ORDER TO (UIFOIRT % 59.3 MILLION~ imOl AR PRCJI:UT?? .1T WOULD PF

TO MIE THVk 1 FFORTS IN Tflt1 PO'RM OP PUfi!I(C BELATrf WORK ABI-

WELL Nh WAY TO CONVINCE HOML: OWNt- , iS 2T UNI r:8T!:, 'iT

THIS 5q.3 MllION DOLL Th PLUS- P2ROJIECT TEAT T,!EIf 1,-1" -, NlI.' V~

WIL -HE I N CONSTA~NT 11)INGER FROM FLOCID" NDl O iIElP VXDlECE

UTI LI ZING SC A RE TACTILl IS3 1kf VlilIY 01.1) PIC;' K U 171.72ij i.", TGY~l

SIJPPONT. AS A LAYMAN, I DARE S Y TIMT FORl r FIXACl ' Nl- Y

MILLION DOLLARS, ALL FLOOD PR50W- LAND .XNflTD lOV2 ~ THIPHEO

ALONG Tift~ BANNS OF THE PAWTLJXhT RIVER COULD BE IUNDL1 ~11

DEVELOPED INTO RELuREATIONAL 411EAS %ND 'WILD LIFE NCUVi m

BE~NEFIT ALL THE PEOPLE.

IT IS IMRPORTANT FOR LOGI(;L WD PHiOPEi{LY MOTI'IAPtED TAX

PAYERS NOT TO BE CARRIED AWAY REGAHDING (QUOTE) "FAUTS" PROVJ-TD

BY THE CORPS WHICH H-% I ViEST!rJ INTERE1 .vr IN PROMOTING ITS OWN

EXI 3TENCEt

ANOTIIEl IMPOHTftNT FAUT 13) PlIVI HOME OWINERS X JUN(G I]HE lITVSHR

ARE~ ENT-ITLI"Dl TO IJI YFO~t FLOOD) IIIHNNCE,. IMAGI NE "HE C03T



-3-

OF FLCOD INSURANCE PREMIUMS I'OR RELATIVELY FEW PEOP~LE ALONG THF

PAWTUXET RIVER 1S C;OMP\%RKD WITH THE' COST OF CONSTRIICT] uN TUNNEJJs

AND DI)KI;S AND OTHER ECOLOLIIL;NL MONSTROIrIES C;ONCEIVE-D 8Y THE

ARMY GORPS OF ENGINEERS -- AGAIN, IN THE113 INTEREST TO f(QUOTE)

"PHCTECT THE PUBLI1C"

WITHIN ONiN VEkR, 'PiE PRIcE TAG FOR TiiS, PROJi'.cT HAS RISEN

FROM 30 M'tLION 20 59.3 MILLION. THlE TOTkL CO.;T CkN BE hI'XPKurED

TO BE MUCH HI GiHR. THE. IFEIN ! ULLETTII IN L'iE 'ThPTEMbER 21,

1976 EDITORIAL, SERIOUjSLY .,U.iST~i)NZD NOb' ONLY i'HE 0!V Oi' THIS

PROJ vruT, BUT THE CONSEQUENiCES OF DUMPING DIRTY ilVER WNTER

INTO '1HE HELXk'PV1VELY CLV:% %\']ON 'JJG y E. ThOS'7E OP UI ';ht) WfISH

TO LEAVE A LEG4CY OF ENVIRONME-NTAL IMPROVEME,'NTS TO 0111 CHiliR)EN

ALW QUESTION THlE !OERITS OF THIiS ACT] ON.

1N CONCLUSION, I .VO1jD ASK THNT~ ALL HFSFONSIBILE' I NI IVID1UALS

WITHIN THIS ROOM CONS) DE :'THIS -PBOJiT TO BE 1 NAPPROPRIA 11,

EXPENSIVE kND WI THOUT' ANY Ht],E)1NG hUENIT! 'r~iiS PROJIrCT, By

THE AEMYl CORP13 Oe EN&I Ni;EHSN, li'tS k'2 ;wtW lOG!(; I N PHOiEu 1 NG

PtOPL6~ FROm FLOOING A',' -1 11,1 N IN NIEi GRAND UANYON NOUiLI TO

PROTmxT PEOPLE PROM FA! Ii KJ I N

PIIAK YO.3-22



SUMMAFY OF 0r-R 1976 PUBLTW 'zEiHTING

The ne.ct public moating ',ia; :ieId o . 11: 0ctob -). V'reseatat, onn
were made by NED representativce :',4garding the pres,,mt statn of the
proposed tlood reduction plan for '-he lower ;awtuxet , ers)ew.. At
this time the selerted plan cor,37 +ed of the Na .ck Div !rcina in
combina-ton with the Warwick Locaj protection Prjject p.us regulatory
measures and future non-Federal programs. Regulatory measure" werp
primarily the application of the National Flood 1nsiran,.e progy;rm iit
all basin _-ones throughout the watershed. The future a:-tion p;(gram
would li lchde the proposed B!g Rlv .r iC.-servotr adasv, ' to p-'i,_,,. - :

additlo:'is flood control storage.

A brief overview of the historf of the study fror its initla:. --Li in
1969 to its ?resent status was gi.rn a:; well as a; :.l,,nat.on of the
technical aspects of the set-ct:ed plan. The envirenartal and socio-
economic impacts of the structural elements were also iven.

In the publiz comment portion oF the meeting, Ma:.ireen. Maigret, St,.e
Representative from District 37, expressed opposition -o the proposed
plan on the grounds that the cost was too high as well as the poten-
tial harmful affects imposed on Appoaatig Cove. Excess coliprm
bacteria and the decrease of salinity In the cove were be. naJ,
environmental concerns. She also voiced opposition to the
blasting and traffic hazards.

A rapresentative from the 35th Distrtct, ., i. ',drri c!ted 0a t<rpal
absence of publtc support for the project with :.hc ., facto'r besg g
the cost. The city would not be able to come ,tp with the q808,)O00
allocation toward the project or tha $17,000 ntnual operating
charges. A bond issue or a budgetary line item wotie 1'e re-o -- e. ard
neither was in the foreseeable fvxure. As an alternate, M-. -- cd-
mann proposed hetter land-use planning implremented by a sound and
practical zoning and sub-division regulation plan. This cou d be a.1
a cost which would not burden the tax payers. In the area of the
projects ecological impact, he stated that the extent of pollution as
well as affected species; of marine life could not totally be pre-
dicted by the computerized model.

k city planner, representing Providence, presented the official
statement of the city of Providence. The city opposed the project
for two main reasons. It ignores available remedien that cou ld more
immediately eLiminate "lood damages and secondly, the proposal
substirtites highly expe-nsive measures for less expensive, equally
effective measures. In relation to the first, li '!H-es that I-,-

project will. not be operational before 1985. Therefore, it would not
afford projection to Warwtck or Cranston for nine years. As an
alternate, less expensive, solution, the river could be cleared of
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struc*:ural as well as non-structural abotructions which inhilblt 5e

flow of the channel.

Removals could include obsolete structural foundations, and
demolished dams and bridges as well as trapped sediments and
industrial sludge like those accumulated in the backwater reaches of
Broad Street Dam. He recognized as a potential flood threat the
concrete that juts across the spillway of the Broad Street Dam.
Additional flood control storage at the Scituate Reservoir should be
investigated more thoroughly in conjunction with the above mentioned
measures.

The planning dirctor of the city of Warwick representing Mayor

Eugene J. McCafrey accepted the plan of action regarding regulatory

measures in both flood plain and non-flijod plain areas, adherence to

the 100-year flood plain zoning supported by building code restric-
tions, continued participation in the National Flood Insurance

Program, and the construction of the proposed Big River Reservoir.

Support was also given to the construction of the local protection

project as enumerated for Warwick. The Natick Diversion was opposed

because of the economic cost-benefii ratio involved. Recommendations
were also made for the removal ok the pieviously mentioned retaining

wall at Broad Street Dam and f ,r t-he straightening and deepening of
the channel from the Mall to the mouth at Pawtuxet Village.

Former Governor John Chafee expressed concerns over env-ronmv,?3.

impacts on Apponaug Cove and to the expense of the Natick Diversion.

The planning director of the city of Crarston, speaking on behalf of

Mayor James Taft, also objected to the high cost of the diversion as

well as the environmental impacts urging the Corps to re-exasnine

alternatives to the tunnel that could be implemented at a cost

acceptable to the taxpayers.

The city of Warwlck's council president objected to the tunnel on the

basis of cost. Doubt was raised as to -he passage of a bond which

would fund the project.

A councilman from the city of Warwick was concerned about t0o Belmont
Park Section buggesting that a series of' dikes be substituted for the

proposed tunnel. He stated that the Corps has overdesigned a project

that will not be completed for ten years. The representative from

Ward 2, District 30, also was in favor of a dike to protect the
Belmont Park Area in lieu of tunnel.

Nn employee of the Environmental ProtectIon Agency (who spoke on his
own personal views as opposed to the agencies) objected to the

anvironmental aspects of the project and proposed a plan of
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2
acquisition as an alternative. He took isso iw , .I"
model developed to evaluate the affects of changen ,;- : i,- i
the iuLing of fresh and A.:1t wat-:V. This, in . ,,,!a ' '
c-t. an ent[-e sp;.ztcJ ia .:r 1 al ,3-rm. He a!m.., :o•
hazzard cau!;ed by coliform intr:-.ao poai, rsu.f7'.e :' I ihe

closing of areas of Apponaug Cove and GrcenwLch Bay ff)i sie f1:.h.ng.
A representative '-om the Fd[:odr: :;, land Abso_ieation &: C :,-"on
Commmissioners reiterated acquisition as an alternative t. th'
proposed plan. He objected to the tern 'standard pr;, L.,
since no reference of irt freancey was mentioned In Vl,. J 'or':;
report. A sensible Judg,.ment concfr;.ng this propci:.: ca.nrot or m-de
when the !hance of ocurrence has neve L'ier. d:14ned.

A student at Brown University, resQiarchling the questlon o., 1 I,oc.
protection in the Pawtuxet Basin, stated thav the Env'ronme.tc"
Impact >atement was inadequate In terms of the ieqi rreni
specified by the National Environmental Policy Act. Thr syM: , r
accounts used to choose the Natick Diversion as the m, - feas'".> e
flood protection prolect was i.complete. There x. as ! gIca
discussion of the alternative plans in additiron to fEar.ttal or'm,-
tion to support one choice over another. Ite proponred that thbe Big
River Reservotr Plan offers a cost alterr=ative that seems bt,4hlv
feasible. AIso, the marginal bnnefit r.ust ratio cast s-!rlow, . . !'!
on the economic feasibility of the project. Envlronmheu!al .- '.

were also expressed by this student.

The Senator from District 15 of the city cf Var ,.ci, Y &,, Wa.-
objected to the selected plan. Ae stated that t| . i nt-s
Belmont Park Section have a serious, leg-timate compl'- -t &>(T, I I

floolUng and deserved protection irplemented b- thc' ":oc - a i'ed-ril
government. In lieu of the rorps selected t0a7m, a erws of f
should be constructed In order fo provide the ueeessa7Vy rtie& i n
conjunction with a sensible l.nd ,,ce plan.

One of the residents was supportlvc o what the ' :rp, -a's try'.ng 1o

do in the basin, not so much that they supported a diversion pFan but
pleaded for dike protection at the Belmont section. They worp r-anAi,_
enough to say that city officials certainly knew four years ago .hat-
the Corps was planning. All other area resident6 opposed the
diversion tunnel in terms of tIe necessity for it.. t.? os.': fr.gtor
and the possible adverse affcts on some portions of the city,
especially with relation to the environment, the po*'!u' [on ,f
Apponaug Cove, and ".- danger wt, regards to tur,:v,-fnz, ,,nder honr-..
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CORRESPONDENCE FROM 19J6 PUBLIC MEETING



Mayor James L. Taft, Jr. L : "ccutive (hamhnitrCity Hall ' i anton, Rhcte h;jnd 0-9 t10

October 14, 19"6

Col. John P. Chandler
Army Crops of Engineer
Department of the Army
424 Trapelo Rold
Waltham, MA

Dear Col. Chandler:

As Mayor -f Cranston I want to registe: my strong or+nositicn
to the Corps of Engineers proposal to build a flood diversion tunrel
under part of the Pawtuxet River.

I believe the project, which is stimated to cost ne.ti1]
$60 million, is far too expensive. Bat ;hat benefits the
Corps projects from this plan, the cost _s o extravaqant.

We must also take into consideration the fact. that ,
project began irnmediately it would not be finished ,-,-
Since the Corps needs Congressional approval befo. -, jf,
it is obvious the project will not get underway; ff.
years. During that waiting period I suspect nith,
bring about an iumnediate solution to probiums thl e c
by Pawtuxet River flooding.

Just as importantly, the tunnel will produ.. ,.
of Apoonaug Cove and Greenwich Bay. Durnq tt, (-w;: )(1
of 10 or more years the river's rcoloqy and tiAt of wa-,-; r
which it flows will also be harmed. I ar, not con-in.,-4 that Cur;
has assessed the full impact -f the industry ,n I',- t''
tunnel during its construction phase and afterwaikd:: c,.] 1 posp a
serious threat to a viable new industry.

I urge the Corps to rp-examne alternatives to tl,t- tLinrl.
The properties along the river should be protected an,1 -an be at
a cost that is acceptable to the taxpayer and in a na,-ner that will
enhance, not destroy the environment.

Sincerely yors^ 1

am L. Taft, Jr.
Mayor

JLT: jv 3-26
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Ocf-ob,-.r 14, ! 9T-

TO: Department of the Army Corps ui Engineers
New EnbIand Division
Walthan, Massachusetts

FROM: Rob'ert J. Sullivan, 27 Marcy Street, Cranston, Rhode Island

SUBJ: Pawturet River Flood Protection

I should begin by commending the Corps of Engineers for -:ome very icrtn-

while projects which it has tndertaken. The hurricane barri.rp in New . cf rd

and Providence are outstanding eximples. The Fox Point Hurri.cane Barrier x- s

built at a cost of S16,000,000 while the New Bedford facilit7 cost $iL ,,00,000'

These projects afford protection from very real threats an ,  ave- .. ,' -,

cost/bene fit ratios.

In contrast to the above projects, the project pioposed f tf :

River would cost nearly four times as much and would provide lesso ,. - .4

I consider the cost benefit ratio of the project to be ver! unavo,:ab;

For this reason I am opposed to the project in its present forra.

The Corps of Engineers has not demonstrated that there ha, ever bean :1

Pawtuxet River flood which even approached the severity which wo, cl ilstifv

the proposed project. The most recent flood occurred in 19b6 and causr1

approximately $200,000 damage,

According to the Coij.:3 o Engineers (Pawtuxet River Watershed Interi7im

Report, U. S. Army Corps of Engineers, 1976.),. 4.71. buildings are suscp1-ib;.

to the type of flood which could be expected to occur once in a bndred year-.
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A ec Id tu it- 1V-ast $,59,309,000. At r-hls rate v\Q %,uld De Spend-

- .: C cctt p:-z oa. bi:. (.'x:ps o' Weeir.~ ntent3.c;:s

a more s-;ejre ± tood (-tesamdardejt Floe i) whn1i apparently wou.ld occur

Lven~~~~~~ Ies Vee El tIe c I. in a :e-uni s extreme case, 15

strut V ires r'ce Li oruL.-cte.., The- protec- -t -)sts per structure would

themn Set .. 9Ii r 'an.te c0L OFe,:'e fit rat-Ios are unfavorable.

~~~~~C~ I,),-'Kawo J to: 1) ohL 'uture constriction or

Lee tc-c.........a,-e( out CZMf9res.. centi.zttcci of the flood plai.n-

a-td 3) ,srov r il ooct - .- .mcciripcrty wihdikeot

of other ..rn' .;iotcccve structumne~j Si' 3. a plen would be far lecs

expensi: : .4V 'AcC cy .-. Loectj.

-Afc. c v t-a4 
.. .r -ij ' l bi h. . ier d.

j, find no tot -is. - ... sr iCros F niner..

Nypesealkrow <'n o' the rix 5Jon 1 'to C 1 n]-osti:Pawtu>rC-t

RLe~ fonrr- nver ceu-.se& aatl..o: --ul V'0 rh'K nrs

to t'> t L'nr '.r I vi .0:C t" 4' j peraonnei olang 3:

I:. :'ing that: I oCWctii p eln j Xa "

the 7, : in :tetohowever, thu Cc-p,; oft £ngis, vs pan far exceeds

what is i-c-:szy.



REPRESENTATIVE &tn Lv
MAUREEN E. MAIGRET

222 32 ovouver Avenue
Warick, Rhode Isfonil 02886

room 326 State Pi-
Prov~dcnco, Rhode Is51,a 2903

7,) .-. 1 ' 1,97

John i. Cfini. !er
Coloo ,, Corps of 7ngineer
Di7is:.on <nogineer

Depart nc ,f the Army7
New En43lwai- Division, Corps o< i..ngineers
Waltha Massachusetts

RE: Pawtuxet River Watershed Tnterim Report
"'inal Stage PuAie Hearing Statement

I wish to express my ipposition to the Arnr(-'f
Engineers' proposed flood mann 'ement progran i- 1! '.
the NATICK T)I.,ERS0INo

I oppose the project because of the ext-remell ~ cos'
as well as the adverse environmental effectr t;e c. _f, ed
waters would have on Apponaug Cove and Greenwich I-n.

Tt Ts important to note that despite the prc'Occl. rc'.
of 59 million dollars, the effectf.veness of the INA"PTIC DTVY:?,SYON
cn flooding downstream of the MeshAnticut Brook gradually (i-
minishes, and due to tidal influences on the river, the DIVERSION
would only reduce flood stages for a standard project floodl p' o.,
3 ft. at the Warwick Industrial Park Site. although ;"he prodi,-ted
water level would be 12 ft. higher than the VIarch 101P flood

It is also important to note that the study eriphesi,es the
indirect economic berefit of making available for rievelo-,:nt
some 200 acres of presently undevelopable land locnttod witi'in
the floodway of the main stem. Increasing development- wiOin
the floodplain, even if the DIVERSION were to be bui lt wm1 l ,d
seem to be poor land use planning, -speciall sinc the !"', IMON
would not be 100% effective.
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John P. Chandler
October 14, 1976
Page 2

As planned, the NAT1C"C IT-73Sjo' .) 413 cll ausp
damage to Apponau , Cove ar! -FBy, Bog> 7 aU r , C,
and Greenwich Bay are fo.t~ ar~ r -rPC7<r- ia
while the Bay Is an _17nx -n _o ja~!rer ' ~
(an estimated millionn/7:vi;1ur~ The Envir')r,
Statement suggests that futui:-e pla-i- 1.or the Pawtuycv. 6 1
eliminate the isxnblem of t-i.1lutc-inn~ Cove and Be" ,
form bacteria fcnthe dive17rted r~vi' -r;' Thi,
an unwarraztei n:-)pt.s e~cal. ~ r dn4V
all --he nresen -, Rircet '; vet- -1: onz cro-i
soUrces T nia sner. if ic.aly 1ce--' - 1

Statement did o''t anear i-, 8CAd-nret 'C ti STr - le"-: o'i'
eduled to be inve., igated by A Toslc 1i,'rcc nf 2ho ?;

The ~o 81C:8 of e T'L-:~ a 1' . C01'. ~'
the decrnasied Salio-it-r Or VaIelie ~~c a
event is predlic!eni t'o resuV - th"e loss1 t!ie vcTep C.
all the Covn and I*~of t'i- zn-, ." Ie a ' -p
years event is nrel L--ted e- f;. of tt' B6'

for mpany. £ob jc ~ bo)tll the i-,-,-n 1a 1 pi~bh'ic I-,*

created by inrevl.;i; ,,]; ii j' iin.
the pcssibln listructiri o-7 *inaineP 'We

:'Y fj ;al points -11' 'bie-- i -- , relate t-, r-o'n c P '' C*%
to me by residents ii my dist-Ic~t relative 10to rr'.-' 'r-
ful effects on t!hei~r homes by the dii 7Hn- Ti-M 6 1.;s
occur: the rrsbedecrease i r~rvhe
seri'2-s traffic hazards which , occur in th, kwr-i area
during construction.

T realize that the flooiding of the Pawf-tuxet Ri v er is a
serious aroblem which we munt find a solution for, are, Vicre,"Jti
recommUend further study -)f the Alternative labe'l'cl 0 Fo
vironmental Quality Plan co-nsisting o1 the Local lProte< § -i Or,
Jects, reguilatory measures, and ;'!pstrearn future ection mnpntires
for reserviir management.

rresoel-: livs tte l

R~epresentative 'VTihcr .7
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APPONAUG HEIGHTS :;MMMUNITY ASSOC,
7 Gilbert St.
Warwick, R.I.t

October 14, 1976

Colonel John P. Chandler
Department 3f the Army
New England Division
Corps of 1rn.Ineers
424 Trapelo Road
Waltham, Massachusetts 02t54

Dear Colonel Chandler:

,it Apponaug Heights Communitv Association, which is ca-
p )sed of sixty families residing on Gilbert ard adjoining
I:rrects. wishes to go or rec ord with the "ity of Warwink
md the Army Corps of Lnrlrieers a5 being strongly opposed
to t-c proposed Natick Diversion Flood Plan in its present
f orTIi t.

v3 ho:,,-ownors and taxpayers, the mpmbp.s of thie Assoclation
are greatly concerned that tth city's portion of the arpronr
ImateLy 60 million dollar constructiot, price, in addition to

in nnual outlay of $97.000 tax dollars for amortization and
m .nntenance is too great a burden for t.[ eitizerx; of this clt)'.
At a time when the city is stralning to elimlnato (jeficit spervi-
Ing and ac ieve a balanced buiwet afd at the s t~m tAmv holo 4lr,
line on real and personal property taxes, it 3,p irs ,
A,sociarlon that s, commitment to this project can only result
I r an inability to maintain a balancod oudget coupled with
tay rate increases,

- 'e Association Is also concerried with the fin6iras of tne
-eivironmental Impact Study and the damage thq project wluid
cause to tthe Apponaug Cove,

There iro many other concerns which must be addressed, not t-,e
least of which Is potential damage to property substructures
due to a change In the water table and vibrations from drilllng,
boring or blasting.

In summary, the Association feels that the present plan is not
in the best interests of our residnntial area and recommends
ttiat an alternative plan bo proposed whicn will serve the
interests of all the citizens of Warwick.

Sincer ly( ,

Richard Block. krenidnnt

:2ptien: Warwick Planning x3oarti, Mayor,
Governor. ,'.. j. Con~rf;ssiomi De]egation
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UNVFD $ TA T TFC
+ DEPARTMENT OF THE INTER;(

F S H AND\VLIF r

- d. ~OX518,
5',;

-'tis L ttter j, . rs,,',~ r tr- t'1 'ub ic I'L::ing on Wae inj

ragan,-ett P-~ Ir~ng e3a'in-- f,~~ ~' atrle.Pe
2luC' 7t ir 7oiiur rercordfs of Vhc heilrrig - Tlhe hearing ~ ~(at

i~i (3eriice axf4sthat tez- recoamncd pli rmjay ih J.1':.

the ?qu-itic environment and adversely afft:t L.Ihe a I Js , fi
resok~rce,- .- Aniton:lug Co,-e and (;rec-aw~icL i£iy. In addition, tlsu anp ,
ious A-.15- 7:otenti-11l of the.Pwuc Basin ma~,', be frec

f~urther stuiois wd'Ll be reqni-eC to determine the eflfects ot the. Prt.
fpose. rojact, on the fish resou-.ces (;f the ar, a and 2lso waver qualih't
OL t cove an,-, bay. i1he SerVic.L recomncndr, thait yvrur rocpct. iic moan.--
f.e:J -o Drovide for further studies of project effects on fish habit2r.
and water quality, and fuc: 6uch reasonable modifications to be made i
P :ojot t facilities for tbe c,- .i,,ervation and development of fIe ry r --

sources as may be found nucessaiy and as may be agreed upon 1-,7 the
*.14.retor of the U.S. Fish and Wildlife Service and rour agency.

!%e ;l supp1 .y you with our Conservation and Development report for

L~ is p~'oject on or before Ce'a -ber 29, 1976,

Sincerclx, -ourF,

71,lv r R. Evans
Field Supervisor. NEAO
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OUrFIC

Octr ber '.6, , -

Colonel John P. Chandler
Department of thn Army
New England Division
Army Corp of Engineers
424 Trapelo Roa!
Waltham, MA 02154

Re: Pawcatuck River and Narra-g;ansett Ba Drajnage P,;. -

Pawtuxet River Waters hed 2 tudy

Dear Colonel Chandler:

The members of the Cr_-n--tz.,Ti Conservation Cr-7 -j sP.
express nn record their ozoposition to tbe p3- ..
tunnel on the Pawtc-xk. River. While the Comsi.
other recornr-da it:.icns brought fox. h in your oorqp rcJ,, " st 'd; -i,
ularly ti e nxed fFor better manae:mnnt of flo-l cc, r -i .- cg',-am:,
not suptivrt the recominendo:i Nai.,ck Diversion t in.c 3.

We would suggest that the ,\riy Corp in furthcr 1-u;v ca:-c.
consider the following kinds oi ,.ternat1-..es to floo i jnr".1-,
Pawtuxet basin:

-Develop a flood plain management program which ma7-:mizes ii-f-
structural sol utions
-Negotiate an optimal flow regime
-Channel improvement program to allow large volume- of w tt ! t
be contained in the channel without flo,,(iing. T-a: zc ,
obstructions in the river bed and restoration rni -, c, rat.y-a-
river bed are minimum actions here.
-Strict compliance and enforcement with local flt,, ojain z,, -a
ordinance as defined under the National Flood ." .1.-nc C :c
Related requlatic.:. 'ovnrninq develcpmenl rsou.i I, f'r
local flood control. ordin-nce.
-Establishment of local sed).mentatio, an(' eJ;osid7i ccntrol "r 1 ,'-
-Improved water sLora 4e o. Scituatc, Reservoir; ano
-Design of the Big P,. rr ; eservoir for fl]ood sur:art¢ " Lt -- :-,

3. 13
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~~w tw~ coristrurtive suqc': ti wero hc
Oct ober !*A, t 7F.The Cran-r on C-m-n(vvaiorn("~ S:c:

many aii>~x..nd public of~ cilr , .coni at tlhai: cn'f
opposed to the construction (If l:1'c' Nat r. Diversirn .3nc3 1:11 .- er U
that the Corp restudy this ir"-nr'

AC:

3- 1 4



Cranston Plant C BA-GEIC v-
CIBA-GEIGY Corporation
P 0 Box 2055
Providence R 1 02905
Telep";o;: 401 941 3000

Shipping Address:
I 80M RMS~r0t
Cranston. R I

Octobe'r- 2.; 971

Colonel John P. Chandler
Department of the Army
New England Division, Corps of Engineers
424 Trapelo Road
Waltham, Massachusetts, 02154

Dear Colonel Chandler!

This letter and the attached written statement al,e in. r,:;pc.v; e
to the "Announcement of Late Stage Public Meetinc;" conce:e.xin r
proposed flood control measures for the Pawtuxet 3'iver whi.v.r
was issued on September 15, 1976.

Our Corporation's concerns about the effect of thn propos,,<K
measures are summarized on the attached writ te , s+ ,tenei
Consideration of these concerns by the Cor.s rf v ...]r:rs
appreciated.

Very truly yoiJ:.

CIBA-GEIGY m-RPPATIC-T
Cranston Plant

Richard T. Pincince
Engineerinr Manaqer

RTP-cm
Enclosure
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Basis for Opposition to Natick Division - Warwick

Local Protection Proj ect

1. While the project, as proposed, would lower the level of flood

waters on Ciba-Geigy's property in Cranston in the event nf a

100 year storm, it would not prevent flooding of the C rporatii.

manufacturing buildings or effluent treatment facilities site.

2. The installation of dikes on the Warwick side of the p'inr

would protect Ciba-Geigy's facilities in Warwick. In the proce!;r.

all of the Corporation's Warwick property would no loncrer *.e in

the "flood plain". In the event it were necessary te install

new facilities on the Corporation's Cranston property, compen-

sation, presumably in the form of earth removal, would have to.

be made from the Cranston property to meet the zero O imlao-rerent

provision required by the Rhode Island Department of Natural

Resources. With the present limited land availability on the

Corporation's Cranston property, this situation imposes a sevreC

restriction. It would make it virtually impossible to instail

additional manufacturing or effluent treatment facilities in

the future.

10/12/76
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CARROLL, KELLY & MURPHY
JOSE PH A. KELLY COUNSELLORS AT LAW
JAMESE M URP4Y 328 NDUSTRIAL BANK BUIL DING

K.MR WARGENTL-R PROVIDIENCF. IHODE ISLAND 0200-:t
C' R49SELL IIEMGT ON
DENNIS BALUCH .rl.A 401-13 .'Y'7

November 12, 1976

Col. John P. Chandler
Division Engineer
Now England Division Corns.
of Encyineers

D'!nartmc~nt The Arm-~
4- 4 Trapelo Road
Waltham, Massachusetts 02154

R-: Pawtuxet Riv'er -- Natic Diversion Punn -i

Dear Col.. Chandler:

vlease bn advised that T 1-resent the Pawt-ixef i,;c'
Aothority, At its mc-t-i-nr h~eld 6n Novemr-e. F3, 197> ,
the Athority vottd to ha,,- me coflluhiflczt j'
s,:nt:Lments to yon regrarrdin;' the Natir11. P- ' in

Tiinnol.

Aff- r mui1-'. stutV i ind deli -,r,-t ion, the Authe-
ject-l the Ttinnel. as ithe mo'Jt pract i-i 1 way trc.
fl.-cjc6 incu along the river.

Th~e Aithority suggests tiw fol lowin ras p-! i e
alternatives which shouill be studied tirthrF-r. drd-'i n~
the river to remove ac7cumuLIated rubble, sludcie, arid
s-diments; removal of obsolete dams and hr~2(in-
c'wtincj the flroa I Street Dam); removal. of obsclte
awl domolished mn-i-made ob~erts whicli are n~cn
or tbie river; remodeling an(] rehabilitatinij r.-tai.

3- 31



Col. John P. Chandler
November 12, 1976
Page 2

of the dams on the river; and channel straightening.

The Authority felt that these alternatives would not
only benefit the lower reaches of the river, but the
entire river as well. Furthermore, these alternatives
would best "restore the river to its former status as
a recreational asset" as mandated bv the General As-
sembly for the State of Rhode Island when it created

4the 

A 
ority.

_Very' 

uly yours

C.B' RUSSFLL..s BF so

CRB:mas

cc: Mr. Em LaFleur
Mr. Anthony Venetetuolo
Mr. Rene Dionne
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Eugene 1. McCaffrey, fi.

Mayor

Executive Chamber / City Hall / Warwick, Rhode Island G."'9O

October 13, 1976

Colonel John P. Chandler
Div 'sion Engineer
Corps of Engineers
Department of the Army

424 Trapelo Road
Waltham, Massachusetts 02154

Re: Pawtuxet River Basin Flood Pro vj

Dear Colonel Chandlei:

Please be advised t:hat the Pawtuxet River Watershed lnte"i , Rc_,
and Draft Environmental Impict Statement, dated Oct:her I), ,
were prepared by the Corps of Engineers have bpen I ,
investigative stud,.es deal with complex natural. ,,'
region, you have undertaken a massive ,omprehensivc . .
affects several communities in the Pawtuxet River
of Rhode Island. You are to be congratulated on the . .
accommodate growth and provide foi economic deielopmei ,I
to protect the natural resources. It is an awesome -c .o * I1v
that should direct where one in the Pawtuxet River Bas n I
shops, plays, and works now and in the future.

It is noted that the Pawtuxet River Basin Flood Pro j ci vis initi,0,-I
by the City of Warwick as a result of the 1968 floodir. A.
contemporary history shows, had the Scituate Roservoir boen fulI -:-
the 1968 flood hit, "damages would have increased fiom S5O0 ,000 I
$15,000,000 or a 30-fold increase." Furthermore, signifi~ant li,,
changes have occurred. A,ditional construction has oCcurredi in, 1Ih.

river basin involving Midland Mall, Warwick Mall (two s'oppin (,"t( S
which presently occupy 1,300,000 square feet of floor inar. red 1,
a total of 125 retail stores), 488 apartments of the Del Rio Coro:-.
Bulova Company,Ciba-Geigy Chemical, and in two industrial p;aks; ,'Jie
of real property exceeds a low of 90 ard .approaches .i !,igh o) '00
million with appioxima tely 4,750 jobs in the rtail and , 'man., 'I n..
sectors. In addition, the City Sewerage Treatment F-icilitv Ies in (I,(
river basin. In exce~ss of 200 families in the Norwoed <ore.i cuu], bo.
affected by a 100-year flood. These are salient chara.tvi istiri' ;] .,
cannot be tteated in a light mannet.
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Colonel John P. Chandler
Page 2
October 14, 1976

To address the above flooding problems in the Pawtuxet River Basin.
the Corps has published a recommended pL. for implementation as a
total system. This system consis-. ), ,jtructural measures (Noti-I.:
Diversion Tunnel and local protection pro-ects in Warwick) and on
action program dealing with existing Sritvc![, Reservoir and pioposd
Big River R,_;e-voir plus noostructuro 1 measuies (national flood
insuran,, p[o:.ram, and code Meclsures).

Based on the information on Wind at the pitsent date, the following
steps of lt.. recommended plan are accptabte:

(.) Regulatory measures in both flood plain and non-flood
pl.ain areas to alleviate flooding problems..

(2.) Strict adherenco to the 100-yar flood c {Iojn by zoning
supported with building code prohibintion No ippeals
eX-cepL to the judiciary (Superior Court) would be
a I lowed.

(3.) Continued participation by the City of Warwick iv thre
National Flood Insurance Program

(4.) Construction of proposed Bi:,, Rivet Resc ,,oir 1. the
State of Rhode IsLand to meet the water supply nee.
of the metropolitan .rea-both ii terms of cuantity .,ed
quality for Ih .- ) period. It should e l roted that
Warwick's demar.d for waiter tc.t 1990 poe. t-id pop,,.
lation .-an not be met by it., iesent Lsurp icrs,
Kent County Water Authorit% or Providc.mo Water
Supply Board. However, this city is not ilone in
this aspect, as the East Bay communities have the
same need. Therefore, Big River Reservoir can be
advanced exclusively for water supply oniposs

yet it can in a secondary manner serve as additional
flood control stora;ge.

(5.) Construction of the loal protecti.oa ploe, t as
enumerated for Warwick, with possible additional
height to the dikes for added protection.

(6.) A 2, to 3 foot iaising oi the Scituate Resorvoir
,-ould provide additional flood storage area which is
not part of the recommended Corps plan of implement-
at io. Howeve, h-is been est. ima ted th t Lie
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Colonel John P. Chandler
Page 3
O-t:ober I. 1976

addit.L!1 flood 3 :igc area of Big Ri -
Scitua- to, d, orooo,'- d -tove, would provi,!,

pcircent of the fIoc _ rol provided by ti,.
N~itick Div, LSion.

Ther, or;', it is obv'i_ .3 that !),Aed on the above data, N.'
Divetsion portion of the re,-tm:m3ded plan for irnpJementit
opposed be-,ause of tho (,oonorai ost benefit ratio i',.,, d

Physical items of oversight in the Fstudy that wjrrant -.- , I -r
include:

a. Removal of th- lorg. winged Loncrete retovUjn, -'-01
at Pawtuxet Villaie in Warwick that acts as an obstiI ,,-
ion to the Pawtuxet !Rivcr.

b. Increize the size a ol h ;_ght of the dikes and t.aJJ
in the local protec:t on program for the War-ifl, ,:,

w. Straighten and deepen the Pawtuxet River .:', "hc:
Mall location to !Ls mouth at Pawtuxet jiJ]

Your serious attention to thes, teatures could provide ,,ftadv a,1 cc
natives not yet under consideration. The City of Warwi. , desr., nt:c
study prior to a dismissal of the endeavor. Your coope-;,ti,'c 4,
solicited and appreciaLed.

Yours very truty,

-]MCC
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'IA'F OF RHODE ISLAND AND 'I OVIDENCE PLANt IAIONS

COASTAL RESOURCES MANACe MTENT COUNCIL
83 Park Street
Providence, R.I. 02Q03

Octoher i3, 1976

Mr. Joseph L. Ignazio
Chief, Planning Divis.ion
Department of the Army
New Lngland Division
Corps of Engineers
Waltham, MA 02154

Dear Mr. lgnazio

The Coastal Resources Management Council is legisl;,tivc!,
charged with planning for and managing the coa.lri re ur.
of Rhode Island. The Council is concerned about the rote!
tial impacts of the "Natick Dliversion" as descril.e0 ..n the
Pawtuxet River Watershed Interim Report, Draft rnvironnent2
Impact Statement. After a staff review nf the report, the
Council feels that certain questions remain to be answered
by the Corps before the Council can pu foward a position
on this development.

1. General Questions

We question the advisability of encouraging further
development in the flood plain.

We are uncertain as to how the allocation of $60
million foi the "Natick" project will affect
funding of other, perhaps more valuable Corps pro-
ject,, in Rhode Island.
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Mr. Joseph L. Ignazio
October 13, 1976
Page two

II. Calculations and Assumptions for the Cost/Benefit Esti-
mate

1. Section 1.22 refers to Table 1-1 which is purported
to show benefit-cost figures. Our copy of FTS did
not have this Table.

2. Figures 1-4, 1-5 indicate the tunnel may be full of
water much of the time, unless pumped out, as sug-
gested in Section 1.17. Have these machinery costs
been considered in benefit-cost evaluation?

3. According to Section 1.22 the project life is 100
years. How would a 40 year life change the benefit
cost figures? Did the 100 year life calculations
have machinery replacement in them?

4. Sections 2.31 to 3.03 describe present development
in the flood prone area. Table VI-5, preceeding
Section 6.42, indicates 88% of flood damage is
experienced by industrial and commercial sectors.
As one of the alternatives, why wasn't rolocation
of industry to other sites considered? [fas industry
been queried as to their long range plans, i.e., if
they, plan to move in 10 years, should their pro-
tection be included in benefit-cost estimates?

5. Sections 4.04 to 4.08 indicate that -some of the
benefits to be realized concern the creation of
areas for development. Is this feasible? Is it
wanted? Section 4.08, especially shows land vaiu-
ations and job expansion potential. Are these
figures good estimates? Were they used in benefit-
cost calculations?

Ill. In the discussion concerning the dliversion tunnel cer-
tain questions arose;

1. Section 6.09 indicates tunnel construction has not
been fully determined. IHow can the costs of construc-
tion be estimated?

2. We wonder about safety devices and procedures at
the intake end of the diversion. We worry about
small boys in boats etc., or swimmers in summer.
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Mr. Joseph L. Ignazio
October 13, 1976
Page three

3. We wonder about the tunnel stability Juring earth
quakes and tremors of the 1: 100 year type. We
did not notice that the 'abject of geologic hazards
had been addressed at all.*

4. We are concerned about the biological impacts of
anaerobic water being released into Greenwich Bav
(1.17).

5. We wonder about the operation of the tunnel and
pumps during the time of the year when. ice floes
may be present in the river. During the February-
March period when ice can be present and the winter
storm period exists, is the time of our concern.

6. Sections 4.60-4.72 discuss the compuler model. We
accept the assumption that in the near field the
outflow will be a thoroughly mi.xe:d single layer
flow. We are concerned in this rcg iol' aout Citm
scouring, suspended sediment, and tu)h'1ItV effects
on benthic biota. In the far field ,e Tect two
layer flow will exist, with outflow f.' -her water
riding over saline bottom water. AlhCL1ugh net flow
out may be as stated, we are concerend %,;rh ,ross
flow velocities in the two oppositely dirocted
layers. A related problem which requir-C attention
is the effects which stratification would have on
temperature and oxygen in bottom watcr and the dis-
charge of pollutants from Greenwich Bay.

7. Greenwich Bay is an already nutrient rich environ-
ment. The implications of adding the extremely
nutrient rich waters of the Pawtucket Rixcr to the
Bay need to be addressed.

IV. Specific Comments

Chapter 2. Environmental Setting Without Project

2.41 Mud snails (Ilyanassa obsoleta, not Nassaius)
are probably lessTmportant to birds than are
other snails, .small bivalves and amphipod crus-
taceans.

fhe Georges Bank FIS, Volume 4, includes a map of geologic
hazards. There appears to be an ea hq nake epicenter within
the project line.
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Mr. Joseph L. Ignazio
October 13, 1976
Page four

Chapter 3.

3.02 A map indicating the primary impact area would

be helpful.

Chapter 4.

4.12 We question whether adequate attention has been
given to construction impacts. We are concerned
about such things as sediment loads, spilled fuel,
high pH runoff from concrete. These issues must
be addressed so that measures to mitigate impact
can be undertaken.

4.58 We question the validity of the conclusion tha!
water quality of Apponnaug Cove will not be
affected (dissolved 02, suspended sediments and
temperature). The addition of sediments, p":'ticu-
larly important after storms, will undoubt,.iiy
affect these parameters.

4.60 We feel the impacts of reduced salinity regime
should be more fully discussed. Significant
salinity reductions may occur over S day periods.
We feel this is potentially very important.

4.61 Do these calculations consider the effects of
leach field flooding?

Chapter 6.

6.24 We strongly believe the alternative plans of No
Action and Regulatory Measures should be given
further consideration.

We thank you for the opportunity to review this project and
look forward to continued cooperation and coordination with
the Corps of Engineers.

Sincerely yours

,Jdhn A. Lyons, Ch *rman
LOASTAL RESOURCE MANAGEMENT COUNCIL

dlz
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United States Department of the Interior
GEOLOGICAL SURVEY

RESTON, VIRGINIA 22092

OPFICE OF T11E vIkE.?OR

In Reply Refer To:
EGS-ER-76/965-MS750

Mr. Joseph L. Ignazio
Chief, PlanninI Division
Corps of Lngineers
424 Trapelo Road
Waltham, Massachusetts 02154

Dear Mr. Ignazio:

We have reviewed the draft environmental statement for the Pawtuxet River
Watershed Study.

It is noted that the additional volume of water going into Apponaug live
will not cause significant flooding beyond the level which is presertly
experienced from tidal floodinq (p. 4-9, par. 4.49). However, the (.ffects
of flooding on areas adjacent to Apponaug Cove resulting from maximum
discharge of Natick Diversion (13,000 cubic feet per second) durin worse-
case conditions of storm-generated incoming tides within the Cove should
be addressed.

Thank you for the opportunity to comment on the environmental statement.

Sincerely yours,

Director (

-WTI0A,,
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United States Department of the Interior
BUREAU OF MINES

4S00 kORBES AVFNITE

P1T'I ,B1RU;I, PENNS'fI.ANIA V-,213

ER 76/965 November 3, 1976

District Engireer
Department of the Army
New England Division, Corps of Engineers
424 Trapelo Road
Waltham, Massachusetts 02154

Dear Sir:

Re: Review of Draft Environmental Impact Statement
for Pawtuxet River Watershed Study, Kent and
Providence Counties, Rhode Island

We have reviewed the subject statement. The project is located nine
miles southwest of the City of Providence, and entails construction of
a 13,000 foot floodwater diversion tunnel and assorted dikes, flood-
walls, and other flood control structures.

The geology of the affected area is the Rhode Island formation, con-
sisting of sandstone, lithic graywacke, dark shale, and conglomerate.
The area has limited resources and production of stone and sand and
gravel, but one sand and gravel pit located in the floodplain would
apparently benefit from the proposed action. Additionally, the "flood-
proofing" of several major highways, including Interstate 95, may
improve minerals transport in the area. No adverse impact on mineral
production or resources is anticipated.

The statement contains no geologic description or mineral production
or resources assessment. Inclusion of such material would facilitate
the future review and evaluation of this project's Final Environmental
Impact Statement.

Sincerely yours,

Robert D. Thomson, Chief

Eastern Field Operation Center

'4a%,UT1IO4
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9 @United States Department of the Interior
BUREAU OF OUTDOOR RECREATION

NORTHEAST REGIONAL OFFICIE
F-ederal BIkldig - Room 9310

IN URNFv Uaft To: 60 ARCH STREET4120 Philadephl, Pea'vna1906

Mr. Joseph L. Ignazio NOV 5 1978
Chief, Planning Division
New England Division
Corps of Engineers
424 Trapelo Road
Waltham, Massachusetts 02154

Dear Mr. Ignazio:

This responds to your request of September 29, 1976 for comments
on the draft environmental statement for Pawtuxet River Watershed
Study, Kent and Providence Counties, Rhode Island.

The statement would be improved if it mapped the recreational area;
discussed in the text, especially their location with respect to

proposed construction. The final statement should ind- cate whetIl:r
any of the "smaller parklands" (par. 2.80) are public. If public,
the statement should comment on any direct impacts upon tbese

parklands.

Since re ly,

Assistant Regional Director

0LUTIO4v %
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United States Department of the Interior
NATIONAL PARK SERVICE

NORTH ATLANTIC REGION
150 CAUSEWAY STREET

F.- RtFE R I,, BOSTON, MA. 02114
L-7619-NAR- (PE)
ER-76/965 November 9, 1976

Colonel John H. Mason

Division Engineer
Department of the Army

New England Division

Corps of Engineers
424 Trapelo Road

Waltham, Massachusetts 02154

Dear Colonel Mason:

Our Departmental Office of Environmental Project Review has asked that

our comments on your draft environmental statement for Pawtuxet River
Watershed Study (Kent and Providence Counties, Rhode Island) be sent

directly to you. We understand that a Departmental commentary will be

made later when requested by the Chief of Engineers.

We are pleased to note the consideration given in your draft environmental

statement for the protection of cultural resources. The Corps' commit-

ment to maintain coordination (page 4-4) with the Rhode Island Historic

Preservation Commission is good and essential. Also essential is
accomplishment of the underwater survey of Apponaug Harbor as relating

to Area A and the Natick Diversion outlet works prior to completion of

final design and start of construction.

The final environmental statement should contain the results of the

underwater survey and recommendations therefrom and report further on
coordination with the State Historic Preservation Officer (Rhode Island
Historic Preservation Commission).

Sincerely yours,

Jack E. Stark
Regional Director
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!UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
Iosi Ofttce diw Courthouse Buildng

BOSTON, MASSACHUSETTS 02109

Division Engineer
New England Division, Corps of Enginee:s
424 Trapelo Road
Waltham, Massachusetts 02154

Dear Sir:

Mr. Ignazio's letter of September 29, 1976, requested Departmental comments
on the Draft Environmental Statement for the Pawtuxet River Watershed Study,
Kent and Providence Counties, Rhode Island (ER-76/965). Our review Is pro-
vided under authority of the National Environmental Policy Act (PL 91-190).

The primary emphasis of the Fish and Wildlife Service review is to deter-
mine the overall adequacy of the statement with respect to fish, twildlIfe,
and related resources and the impacts of the proposed action on these re-
sources and the utilization of such resources by hunters, fishermen, trappers,
bird watchers, nature photographers, education groups, aad others.

We offer the following comments.

General Comments

We consider information presented in the Environmental Impact Statement
to be of a general nature with insufficient detail to predict and detect
changes in environmental conditions or marine resources brought about as
a result of the Natick Diversion. The statement lacks the depth and detail
concerning environmental factors, as usually found in a standard 102 state-
ment. The extent, value, use and relationship of ecological systems are
not really discussed. The impactsof major alternative project proposals
on these systems are also not addressed.

Additional attention is needed in comparing the project impacts (during the
100-year project life) on the resources expected to occur during the same
period. The project impacts are often evaluated as though they affect only
today's resources. This is an error because the resources, their value and
use may, or may not, change before the project is even constructed!

4E G 3-51
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Detailed Comments

1.00 Project Description

Page 1-3, para. 1.14 & 1.15 - This section should be clarified. As written
it indicates that the sluice gates will be closed and the entire flow of
the river will be diverted to Apponaug Cove unless flows exceed the diver-
sion capacity.

We understand that only flow rates in excess of the maximum river capacity
(approximately 2,000 cfs) are to be diverted to Apponaug Cove. Sufficient
flows must be passed below the diversion intake during siphon operation
in order to maintain existing wildlife and potential fish resources within
the by-passed section of the river.

Page 1-3, para. 1.17 - This section indicates that if an anaerobic condition
occurs inside the tunnel, pumps and portals could be provided for dewatering.
The lack of discussion and detail concerning this problem indicates that a
complete study of the potential for an anaerobic condition and its probable
effect is warranted. The discharge of approximately 69,000,000 gallons of
stagnant water retained within the tunnel with each diversion of flood flows
could have a disastrous effect on living resources of Apponaug Cove and
Greenwich Bay. We submit that if studies indicate that an anaerobic condi-
tion is likely, then pumps and portals must be provided and the tunnel pumped
dry before an anaerobic condition is allowed to develop.

Page 1-4, para. 1.22 - Table 1-1 summarizing project benefits is missing
from our copy of the EIS.

2.00 Environmental Setting Without the Project

The environmental setting without the project should depict the resources
as they are expected to be over the 100-year project life. Much of this
discussion depicts the existing resource which will not be affected by the
project.

This section of the report does not present definitive information on sport
and commercial fisheries or their habitat in the Apponaug Cove-Greenwich
Bay area. Therefore, an evaluation of the possible impact of the diversion
on spawning activities, the use of the area as a nursery ground, and as a
source of commercial and recreational harvest cannot be made. Detailed
studies are required to provide information to allow a determination to be
made.

Page 2-3. para. 2.16 - Figure II-1 does not portray an area of Class E water
quality. The location of this area as indicated in the text should be por-
trayed in Figure II-1. Also it is unclear whether Figure II-1 represents
the existing water quality of the lower Pawtuxet watershed or simply the
standards set for 1975.

Page 2-4, para. 2.20 - If the Pawtuxet River exceeds state stream standards
as indicated, what is the existing actual water quality classification in
the area of the proposed diversion?
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This section should be expanded to include and present all _f riLcal ano
biological constituents and properties of the river at the diversioi, site.

Page 2-6, para. 2.34 - This paragraph should be expanded to include the
following:

"With pollution reduction and adequate stream flow the lower 11.2 miles ,.f
the Pawtuxet could support a warm-water fishery based upon Pgemi. :L ,
northern pike and chain pickerel. The potential of this fis'ery C : , -

population o' 100 lbs. of fish/acre and i 407 harvest of one pound .1 fish
per day, exceeds 5,400 man-days of fishiu:g per year. With extensivt- acl-cess
and a return of anadromous species the louer river fishery could be expanded
manyfold.

"There is a definite interest in restoration of the historic runs of anadro-
mous fish to the Pawtuxet River. Major interest is in the restoration of
alewives. Obstacles to restoration of alewives, shad and to a lesser extent
smelt and possibly steelhead trout are dams, pollution, and low flow's. With
proper management, such as fishway construction, pollution abatement aniC
streamflow regulation, anadromous fish could once again become a va u1e
natural resource for residents of this watfLrshed and the state."

Page 2-7, para. 2.39 - Data and information from Southeastern Ma;s; kusctts
University's Environmental Survey of Apponaug Cove and Greenwich (page &--.
para. 4.51) should be utilized to specify organisms wbib inhabili varo-1,

ecological communities.

Page 2-12, para. 2.74 - The discussion of the comnercial shellfish 1<, ,str-
is inadequate. As indicated~much of the desired information is uizavailaLie.
In order to accurately discuss the diversion's impact on the industry, a
thorough study of hard and soft clam commercial harvest, effort, and poentin
for expansion in the area of the bay is necessary.

4.00 The Probable Impact of the Proposed Action on the Environment

The depicted probable impacts of the proposal are mostly derived by compar-
ing the project (as though it is already in place) with today's resources.
Consideration must be given to expected changes in the resource situation
over the period of analysis. For example, stream pollution is expected to
be abated in the future with a resulting improvement in the fishery resource.
It is this improved resource that will be impacted by the diversion. The
100-year economic life of the diversion, measured from the date construction
is completed, can also 'e assumed as a minimum physical life. Major changes
in the resources, their value and use can be expected over this period.
The proposed diversion, therefore, impacts the potential fishery resource,
not the existing resource.

Page 4-1, para. 4.01 - This section forecast the impact of sedimentation as
minor due to the limited drainage basin and numerous small dams. We suggest
that this section be re-evaluated in light of the periodic maintenance dredg-
ing which has and will occur every eight to ten years when approximately
45,000 cubic yards of sediment material requires removal from Pawtuxet Cove
at the mouth of the Pawtuxet River.
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Page 4-1. para. 4.03 - The diversion of flood flows would not have a signifi-
cant effect on existing fish and wildlife resources of the river system.
However, in the context of potential fisheries, the diversion of flood flows
could upset a recovered river ecosystem.

With pollution reduction and restoration of resh-water fisheries potential,
diversion of flood flows could be detrimental to those species which may
spawn in the lower reach of the Pawtuxet River. Proper water depth, water
velocity and water quality must be maintained below the diversion during
siphon operation in order to maintain the lower Pawtuxet River as a potential
spawning area.

The Natick Diversion plan as proposed will present insurmountable obstacles
to restoration of anadromous fisheries within the Pawtuxet watershed follow-
ing pollution reduction. The overflow dam, spillway crest, and Natick Pond
Dam will, in combination, prevent upstream migrations. Diverting water from
the lower Pawtuxet during migration periods could affect the homing, spawning
success, and juvenile development of anadromous species. Without the normal
increased volumes of water discharged from the river during spring and
autumn, adult and juvenile fish may not be stimulated to migrate at the
proper time. If these seasonal peak flows (freshets) do not occur, fish
may not migrate at all.

Effects on anadromot3 species will also be encountered at the withdrawal site.
Should adults reach spawning sites, eggs and young fish moving downstream
would be pulled into the opening of the intake with diverted flows. Mech-
anical damage will be incurred during passage through the tunnel. Lpon dis-
charge to Apponaug Cove, eggs and young fish would be subjected to sharp
increases or decreases in temperatures, increased salinities, and rapid
changes in pressure.

Page 4-4. para. 4.18 - This section indicates that there will be no impact
on existing recreational resources. Page 4-2, para. 4.08, however, indicates
that about eight acres (approximately three acres of streambed and five acres
of the Pawtuxet River Reservation) of recreation and conservation land are
to be converted to industrial use. Shortening the river in this area and
converting conservation and recreation land to industrial use will result
in loss of bird-watching, nature study, wildlife photography, and fishing
opportunity.

Page 4-10, para. 4.53 - The low level of flooding analyzed by the computer
is a rate of 200 cfs. Page 1-4, para. 1.18, however, indicates that the
diversion rate in most years would be in the order of 300 to 800 cfs. In the
final EIS we suggest this section present the data for 300 and 800 cfs diver-
sion rates to more accurately reflect the expected annual event.

Page 4-10. para. 4.53 - It would be helpful if a table presenting chemical
and biological constituents and properties of the river, Cove, and Bay were
presented for the same periods or dates. This would be especially helpful
since the water quality classifications range from C, SC, SB, to SA. (Also
see comments on para. 4.58.)

Page 4-10, pars. 4.58 - This section should be expanded to cover all water
quality parameters. This seems especially appropriate because as indicated



on page 2-4, para. 2.20, pollutants associated with urb;an runoff will be
carried into the river and divert2d to the Cove and :ay. 1hecent EP,- studies
indicate that stormwater runoft in many cities is htavily laden with. zinc
and lead and that it probably contributes a greater pollution load than a
city's treated waste outfalls. In some areas, tNe oxygen demand of urban
stormwater runoff is three to five times greater than that of treated waste-
water. Also, as indicated on page 2-4, para. 2.23, heavy metals are stili
present in sediment deposits of the river. During flood periods tiesu Jdi-
ments could b, scoured and suspended in the diverted flood water. eIv.:
metals if diverted to the Cove and Bay cc,1ld be assimilated by shellfishL and
finfish resources. Pesticides also coul! be diverted with flooe flews and
assimilated by fishery resources. As a result of physiological phenomena
exhibited by marine organism$ elements contained in the diverted flod waters
could be assimilated and concentrated in their structures. Estimates of
biological accumulation relative to quantities of heavy metals and pesticides
contained in river flood flows should be presented.

Page 4-11, para. 4.60 - We question the advisability of using a salinity
reading of 10 ppt as the minimum point at which there will be some (arve1se)
effect to marine life. Depending on the duration of reduced salinities con-
centrations of 17.5 ppt have been shown to cause mortality amcng hard clams
during or immediately after metamorphosis.

Additionally, detailed assessment of salinity tolerance of plants, inverte-
brates, and fishes are difficult because salinity Effects proper ray be in-
creased, masked, or reduced by other simultaneously t C:(ive environ7c-'tal
factors such as light, temperature, water movement, dissolved gascs c,:Lri-
tion, and interaction between co-existing organisms.

More detailed information on tolerances to salinity variations, plus asso-
ciated variables such as temperature, oxygen content, density and ionic
composition, etc., are necessary before cause and effect relations can be
assessed properly.

Page 4-12 , para. 4.61 - If desirable to show the worst case condition the
highest concentration encountered during the sample period should be pro-
jected. Also it would be helpful if data resulting from an actual flood
event (flows in excess of 2,000 cfs) containing urban runoff could be
analyzed and projected for all chemical and biological constituents.

Page 4-12, para. 4.63 - (See comments p. 4-10, para. 4.53)

Page 4-12, para. 4.64 - The data presented represent only those coliforms
contributed by the diversion. In order to fully evaluate the diversion's
impact on the Cove and Bay, cumulative data, i.e., that concentration re-
sulting when all sources of coliform are considered, should be presented.
Higher values than those depicted would likely occur.

50 Probable Adverse Environmental Impacts That Cannot be Avoided

Conclusions presented in these sections are judgments based on incomplete
or short-term environmental surveys. While it is recognized that value
judgments must be made on incomplete information, the report has suggested
no alternative remedies available if future resource losses prove to be

significant.
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In order to prevent unnecessary destruction of fish, shellfish and wildlife
habitat and provide enhancement opportunities for these resources, the follow-
ing investigations will need to be undertaken.

1. A complete inventory of exiLting resources within the Cove and Bay
which will be necessary. In order to t.'t '!ct anticipated changes.

2. A determination of the suitability of the Pawtuxet for anadromous
fisheries restoration in conju- .ion with pollution abatement.

3. A determination of the need for fish-pas.,- faci!ities at barrier
dams.

4. A determination of flow releases necussary to facilitate pollution
abatement and fish passage in the lower Pawtuxet.

5. A determination of possible adverse effects on the fishery for ana-
dromous species expected frc diversion of water to Apponaug Cove.

6. A determination of the impacts a diversion program might have on a
restored Pawtuxet fishery and the extent to which requirements of
the fishery would limit diversion programs.

7. A determination of the effect on finfish and shellfish of salinity
changes and associatea variables caused by the diversion.

8. A determination of the effect on finfish and shellfish of silt redis-
tribution and introduction caused by the diversion.

9. A determination of the effect on phytoplankton and zooplankton, especially
ichthyoplankton, of temperature and salinity changes caused by the diversion.

10. A determination of the effect of the diversion upon the entrance,
temporary residence, and egress of various species of young estuarine
fish which depend on Apponaug Cove for a nursery.

11. A determination of effects on bottom organisms of changing conditions
caused by the diversion.

12. A determination of the best means to alleviate the problem of stag-
nant water retained in the tunnel.

This section should contain the following information in addition to that
presented:

Terrestrial Ecology

The major expected adverse terrestrial effects are those associated with
the long-term loss of biological productivity through the removal of ripar-
ian habitat. Riparian habitat will be replaced by dikes and floodwalls
and construction facilities. In all about 20 acres of the 30 acres to be
cleared for construction of the local protection projects will be devoted
to long-term non-biological use. The loss of riparian habitat will result
in the demise of a segment of small mammal and invertebrate populations
associated with this habitat. There is expected to he some loss of cover,
breeding habitat, forage and home range area for birds and larger mammals.
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If trie slopes f tI!, dike are with ".ildlif i. ,d plaItfl-. Z " a
20-foot h:uffer is left betwecii thc fasF of the dikes and th-I Llver,1.:

will pro-t.l. habitat for native ,lantzi andc animal-.

gut- Ecology

Constructio.- of tht 61h. s. floridwalls and diversion are not expected to
adversely atf. ;t existing tresh-water fishery resourceE-. WiLh po iu':.m,
reductiou, ain a restured fresh-water anc! anadromous fishcr-,. i W - i ;
segment of tr.- project with its -nauc. , localtion will res-1al.. ,- 1o1-
of 24,000 feet nf stream 1habite; 1,200 feet of potentiL7 iteam

banK accos3.-

Consti of the diverion will resai!t in the permanent deCt a. of
one-qua-teT acre of saltmarsh and bcttom habitat in Apponaug Love. In
additi - , t! o iversion may result in the permanent loss of, or greatly
impair the pctcatial for adro-ious fish-eries :-storaticr withir t!
Pawtuxet :'.rLrshtd.

b .00 ,i LL rlatiVc, t0 t h Prop, osedi ction

Vite discu sioa .f ,Itern ies I, ;:ea'.. aad appears to be based c. , ,.ooic,
not enviroru:,ntal, &onsiderat'ens.

pae~-~ p~ra. 6.uS - rhe Enviia)nmc-,tai Quality (EQ) Ir: OUt 'd 'On-
:iscs of Alte-native D, the plan for oikes and flooc,,-11 Jr tbc , .1 ick and
Norwood arz . This aLternative is 'esignated -s the i. , !et-e ugi is
the least nvironcrtally damaging of the altera?-ives pi--urtL, ,:r under-
staudin, 0: 'i, T. ln:-i is one which enhances tv r.anagemer. ;.-,e'' tI n,
p;'eservtiork, zreat'on, rest.rt.ioi or :iimprovement, tne o:a.itv ' rtain
natural and cu.ltui -1 resources and ecological s-Ytcmtr ir C Ca 11e, ye- st.-ld-.
Ve question v-".theL Alternative T. constitutes ar, 1]. plc, as erNv-i nes b
the Water Rescurce-; CoIIaci !'S Principles and :ta-daris for PLannins..

_age 6-16, para. 6.74 - A discussion of Alternative D should also evaluate
;he possibility of eliminating the channel relocation and providing dikes
following the southern bank of the meander. This would eliminate conversion
of publicly-owned conservation and recreation land to single-purpose use.

Page 6-18, para. 6.79 - Alternatives C-1 and C-2 do not appear to be the most
environmentally sound approach to solving the flood problems in the lower
watershed. A sound land treatment program accompanied by selective diking,
floodproofing, floodplai. z.ning and flood insurance would essentially

eliminate the threat to fish resources of the area and also water quality

of zEponaug Cove and Crren.wich Bay.

7.00 The Relationship Between Local Short-Term Uses of Man's Environment
and the Maintenance and Enhancement of Long-Term Froductivity

Page 7-1, para. 7.02 - This section concludes that the only pollution factor

of significance will be the introduction of coliforms. We believe that a
thorough analysis of additional pollutants contributed through urban runoff
shct. d receive equal consideration. Pollutants such as heavy metals, in-
,ticid ., and pesticides, and the biological oxygen demand of flood wa7 ters



should be similarly summarized. The effects of their introduction, assimila-
tion and concentration by species within the Cove and Bay could have serious
effects on the long-term produc tivity of ish and wildlife rouices utiliz-
ing the area.

Page 7-1, para. 7.03 - Apponaug 'ove in a nursery and pawnlng area tor winter
flounder. During larval development, modest changes in salinity may have
lethal effects on fish larvae.

This section does not consider future usos nr- 1 changing needs of society with
respect to managing coastal zone areas. A e iasion of whether the diver-
sion is consistent with long-term objectives - coatal zone management is
needed.

8.00 Irreversible and Irretrievable Co"%uitments of Resources That Would Be
Involved by Construction of The Considered Action

This section identifies only the depletable material resources consumed.
Non-material resources, including a range of beneficial uses of the environ-
ment should be included.

Resources which may be irreversibly committed by onstruction and operation
of the project are: (1) biological species destrcyed in the vicinity, (2)
water bodics to rcceive discharges to the extent that other beneficial uses
are curtailed, and (3) land areas rendered unfit for other uses.

This section should also list the irreversible loss of 1/4 acre of saltmarsh
and bottom habitat in Apponaug Cove due to construction of tht diversion out-
fall. Approximately 24,000 square fcet of stream habiLat and l.'0O feet of
stream bank will be permanently lost due to the channel excavation in the area
of the Warwick Industrial Park.

A total of approximately 20 acres of riparian habitat will be cleared
and occupied by the dikes and floodwalls.

Also, the loss of a biological resource is an irreversible commitment, in
one sense, if remedial actions are not taken to correct such losses during
the life of the project.

Summary Comments

We are concerned that the project and alternatives, as presented, afford
no outstanding benefits to fish or wildlife. In general, adverse impacts
appear to outweigh benefits. Adverse impacts resulting from the recommended
project include:

(1) Permanent destruction of 1/4 acre of saltmarsh and bottom habitat in
Apponaug Cove.

(2) Periodic pollution of Apponaug Cove and Greenwich Bay in association

with siphon operation.

(3) Permanent loss of or greatly impaired potential for anadromous fish-
eries restoration within the Pawtuxet watershed.
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(4) Permanent destruction of 24,000 square feet c;f stream habitat j, ] Iess
of 1,200 feet of potential ,;' bank access.

(5) Loss of stream bank veetiatin nd associated wildlif, Isrlacee' by
dike and ilood wall strui 'art.

(6) Conversion of eight acre of publicly-oned recreation i O '"".....
lands to -ingle-purpose use.

In additio:t, here are many aspects whi, iave potential for harm L.t have
not been thcuughly evaluated or eliminatv(f from concern by presentation of
substantiating data. They are primarily a6ociated with operatior cf the
Natick Oive rsion and its potential Effect on marine resources of 1'pppcnaug
Cove and Greenwich Bay. Effects on marine resourres not thoroughly assessed
include;

(1) Salinity changes as influenced by assoinjated variahli: caused 1- the
diversion of fresh water to Apponaug Cove.

(2) Silt introduction and relistribution cau3cd by th}, diversion.

(3) Temperature changes caused h. the diversion.

(4) Possible changes in the valu of Apponaug C'ovce as a nursery area.

(5) Changes in bottom conditions caused by the divers- t0,.

(6) Pollution of marine waters caused by stagnant water re-ained .C
tuanel and the effects its discharge will have on marine iesourcu,;

In summary, there are aspects of the Natick Diversion which need .
in-depth study and have not been thoroughly evaluated. Further stdA
will be required to determine the effects of the diversion on fish reour.es
of the area and also water quality of Apponaug Cove and Greenwich bay. iL
is recommended that the project not be implemented but re-evaluated on the
basis that a sound land treatment program, accompanied by a modified Warwick
Local Protection Project and flood proofing, floodplain zoning, and flood
insurance would appear to be a more environmentally sound project.

Sincerely you ]
• /

ALIl1'J Regional Director
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION I

J.F. KENNEDY FEDERAL BUILDING, BOSTON, MASSACHUSE rTS 02203

November 12, 1976

Mr. Joseph ignazio
Chief of Planning Division
U. S. Army Corps of Engineers
424 Trapelo Road
Waltham, MA 02154

Dear Mr. Ignazic:

We have reviewed the Draft rnvironmental Impact Statement
for the Pawtuxet River Watershed Interim Report. Our com-
ments are limited to the effects of the proposed Natick
Diversion tunnel on the water quality and estuarine envi-
ronnent of Apponaug Cove and Greenwich Bay.

Although the EIS does discuss and ancly2e the effects of
salinity changes on shellfish we feel that the uniform
mixing or dispersion model used does not necessarily yield
a projection of the maximum adverse effect. 1.We f J that
actual conditions would more correctly be represented by
layered flow. Such flow would pose serious hazt-'"!- .o
grazing larva, and thereby impede or completely eliiAnate
replenishment of some species. A more detailed discussion
of our position with regard to possible salinity damage is
presented in the enclosed memo.

With regard to the discharge of coliform bacteria to
Apponaug Cove the ETS states that the Pawtuxet River water
quality should be greatly improved by the time the diversion
is used. Although it is anticipated that sewage treatment
plants to abate pollution in the Pawtuxet will be constructed
by 1980, a solution to the problems created by urban run off
and combined sewer overflows will most likely not be realized
by that date. Both of these types of discharges are sources
of coliform bacteria and would occur simultaneously with
flood conditions and use of the diversion tunnel.

In addition, it is our opinion that the EIS does not
sufficiently discuss the possible adverse effects of the
discharge of storm wat.r which has been confined in the
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tunnel for up to a year. After that amount of time the
waters would probably be devoid of oxygen, have a modor-
ately high BOD and contain anerobic organisms which could
be incompatible with the receiving water usage. The stor-
age of storm water run off contarinated by cordKInc: se, or
overflows and urban run off could be a potential scur:e 0-
disease. In our opinion, pote: ..ial public health hazarr.
of the inverted siphon should be investigated. it wou-d
appear that the only acceptable means of mitigating these
possible impacts would be to keep the tunnel de-watereO
and pro-ide for cleaning and debris removal after each
flood. However, de-watering imposes other problem. since
it would require some protection or covering ovc: the 200
foot deep hole to prevent people and animals from falling
into it. We request that a more detailed analysis of
impacts of stored storm water be made.

Our comments on this draft EIS have been classified as
RR-2 in accordance with EPA's natfc, nal rating system.
Definitions of the categories are enclosed.

Thank you for the opportunity to comment on this draf_
EIS and we look forward to receiving the final. If you
have any questions, please feel free to contact :ohn Lynch
of my office at 617-223-0400/0401.

Sincerely yours,

Wallace E. Stickney, P.E.
Director, Environmental
Policy Coordination Office

Enclosure
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EXPLANATION OF EPA RATING

Environmental Impact of the Action

LO -- Lack of Objections

EPA has no objections to the proposed action as described in the draft environ-
,,,.,Lcti ,,patt statement; or suggests only minor changec in the proposed action.

ER -- Environmental Reservations

EPA has reservations concerning the environmental effects of certain aspects of
the proposed action. EPA believes that further study of suggested alternatives
or modifications is required and has asked the originating federal agency to
reassess these aspects.

EU -- Environmentally Unsatisfactory

EPA believes that the proposed action is unsatisfactory because of its poten-
tially harmful effect on the environment. Furthermore, the Agency believes that
the pote,;tial safegu-ards vhich miqht be utilized may not adequately protect the
environnent from hazord, arisintl frnm this action, The Agency recomends that
alternatives to the action be analyzed furthier (including the possibility of no
action at all).

!,deo-acyv of the Impact Statement

Category 1 -- AdcquaLe

The draft enviroeimental irpact st ateit sets forth the environmental impact of
the propomd project or action ; s well as alternotives reasonably availiile to
the project or action.

Category 1 -- Insufficient Inforr, ation

EPA believes that the draft environmentiil iiprict statement does not contain
sufficient information to assess fully, the environmental impact of the proposed
project or aztion. [-.kcvcr, frcw the information submitted, the Aqency is able
to make a preliminary determinattion of the iwpact on the environment. EPA has
requested that the originator provide the information that was not included in
te drdl t environrient .1 impact statewient.

Category 3 -- Inadequte

EPA believes that the draft envir( ,icntal iripact statement does not ,Jequately
assess lhe enviyonilentol impact of the proposed project or action, or that the
statemot i1!ldequatl, :y ,nalyzes roasonably lVdilble alternatives. The Agency
has requi. t.d more inforilation aid analysis concerninq the potential environ[mental
hazards anJ, has asked that suhs tantial ruvision be made to the impact statement.

If a draft environmrntal impact stateient is assigned a Category 3, no rating
will be made of the project or action; since a basis does not generally exist on
which to make such a determination.
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T UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

DATE: October 28, 1976

SUBJECT: Pawtuxet River Flood Control Diversion Draft EIS

FROM: Clyde F. Shufelt, Chief

O; ,Rhoc lslarn - Conecticut Planning brancli

Wallace E. Stickney, DireCtor
Environmental and Economic lmpact Offic,

We have reviewed the draft environmenta- impact statement and ha. e
formulated the following comments:

The dispersion model for the diversion water's effect on Apponaug

Cove is based on an assumpt4un which theor,-tically i:s incorrect.
The model assumes one layer flow ' rem 'ihe r-outli of Thc outfall.
This will not occur without the aid of mixing, cpiar, Lus, which arrs
not proposed. The Pawtuxet: River w;rter iijl form a fresh uater
wedge along the surface of tle cove aml a reverse saline wedge will
be foriie,! beneath it. Although the EIS inuicates that the C isyer,,. :n
model rep, eeots a "worst case" condition, relotiv, to bottcm
dwellir.,g speciils, it does not represent a "wor;t ca,," in crt in

lifeforms.

Apponiiiv Cove is an esturine structui c xviich p:ovicic'c. p't ccLtion and
nuturiu, for a large variel y of both cCi;r1acian!]y 11d recrc .t-.lly
valuable mari I ]ie. As th-ise .pecie,; reproduce, rLaI.\ of thcir
larvoe forms becoi'o bouyaint. A fresh watcr wvecge such c'' the a.
orlgiinating from tic diversion, lasting from a fow hc,,,rs to a Je.:
days coitl(1 desi coy a yearly spa-T n of gr1:;-ag nra. " i,,Is, very
serious cffectscooL.d result with :esdect to species enitiiw.nt

Although the EIS correctly points out the shortcomings of the dispersic-i
model and the aimo,;t total loss of a specie, should rdivcrsion and
larvae stages occur sirultaneously, the EIS does not treat this
aspect as comprehensively as it does the assumed miyed" condition.

The large percentage of hard shell clams present in the area are
usually junvenile due to the heavy harvesting. The Rhode Island
Health Department is cor.idcring a proposal to op n the upper Bay
for depuration she] ifirbhi,"g only. If thi, plan .s adopted it ",oitld
provi.0,e ;,dditioni] slic.].fishiing olporttiniitie S in Narragan ett ,:v
but could place a heavier she]fi shing demand on the La:[ CrE,e.n. !
Bay aivt (from sma.l Ier fisherian), which would tend to depl cIc the
area of the more acdult stager. The net result is that tlh,, shell Hf:,
population of the area would bh comprised of more jiivc'i I for.,,
more suiptible to minor chnnger in the environment. They would
also be more suscptibh to suspeodaol d; carried by the diverted
water. The ETS, in most discussions, stresses only the adult
life stages.

t. .. . . . . ' I. P .
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The waters in proximity to the discharge location are presently
assigned a classification of SB or SC, and Greenwich Bay is assigned
a Class SA designation. The lower classifications are due primarily
to wastes origiiatitg from boats and individual outfalls.- Onagoing
abatement programs will result in improved water quality in the
area and could result in higher assigned classifications.

Rhode Island water quality standards for Class SA and SB are
predicated on complete removal of all waste sources (except cooling
water) currently discharging to these waters. The standards also
prohibit any new discharges to these waters. The EIS should, therefore,
address the impact of the diverted Pawtuxet River water in maintaining
the present standards as well as higher standards which will be
achievable in the absence of ,he diversion.

EES 06-CE-44-19/7
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'UNITED STATES DEPARTMENT OF COMMERCE
iThe Assistant Secretary for Science and Technology

1r~'" 9. C. 202313

November 19, 1976

Mr. Joseph L. Ignazio
Chief, Planning Division
Corps of Engineers
Department of the Army
424 Trapelo Road
Waltham, Massachusetts 02154

Dear Mr. Ignazio:

The draft environmental impact statement (DEIS) entitled
"Pawtuxet River Watershed Interim Report," which accompanied
your letter of September 29, 1976, has been received by the
Department of Commerce for review and comment.

The statement has been reviewed and the following comments
are offered for your consideration.

General Comments

The subject DEIS does not accurately identify the probable im-
pacts on aquatic resources that will result from the proposed Natick
diversion. For example, it is assumed throughout the DEIS that
losses to the biological community at the discharge site will be

short-term and minimal. The minimal environmental impact assump-
tion is based, in part, on the success of a computer model (see
comments that refer to Page 4-12, para. 4.63 of the DEIS); and in
addition, the assumption that industrial waste discharges will be
discontinued.

These assumptions are not supported by reliable data or documented
in the DEIS. The potential effects of marine resources not
thoroughly assessed include salinity changes as influenced by
associated variables (temperature, oxygen, rate of flow, etc.)
caused by the diversion of fresh water of Apponaug Cove; the
permanent destruction of 1/4 acre of saltmarsh and bottom habitat

in Apponaug Cove; periodic pollution of Apponaug Cove and Greenwich
Bay by the introduction of anaerobic water from within the tunnel
and its effect on marine resources; possible changes in the value

of Apponaug Cove as a nursery and spawning area for winter flounder;
and the effect on marine resources of the introduction into Apponaug

Cove and Greenwich Bay of trace quantities of heavy metals or
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other treated industrial source pollutants (see comments that
refer to page 2.4, para. 2.13 of the DEIS). These and other
ecological considerations should be fully addressed in the
final environmental impact statement.

Specific Comments

Summary Sheet, page i

3.(b) Adverse Environmental Effects -- This paragraph summarizes
the adverse environmental impacts of the project. However,
there is no mention of the potential adverse effects of the
Pawtuxet River water quality on the marine life in Apponaug Cove
and Greenwich Bay, other than the reduction in salinity.

1.00 Project Description

1.07 The Natick Diversion

1.15 Page 1-3, para. 1.14--itstates that during a flood condition
the sluice gates will close, cutting off the entire flow of the
river and diverting normal plus flood waters via the tunnel to
Apponaug Cove. According to page 4.9, para. 4.47, however, only
river flows in excess of 2000cfs will be diverted to Apponaug
Cove.

Page 1-3. para. 1.17 -- It is stated that if, necessary, pumps
and portals could be placed in the outlet structure to eliminate
anaerobic conditions within the tunnel during a non-flood period
and to dewater the tunnel for inspection and maintenance. The
discharge of approximately 69,000,000 gallons of stagnant water
could have deleterious effects on living aquatic resources of
Apponaug Cove and Greenwich Bay.

The feasibility of conducting studies to determine how soon water
within the tunnel will become anaerobic could be discussed with
the thought that perhaps water should be released prior to
reaching anaerobic conditions.

1.22 Project Economics

Page 1-4. para. 1.22 -- Table I-1, referred to in this paragraph,
is missing from the DEIS.
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2.00 Environmental Setting W>,.hout the Project

Page 2-3. para. 2.16 - Surface _ater QualiVv

It is stated that surface water quality in the Pa, i, et
Basin ranges from Class A to CLass E as illustrated in FF -r
II-l. However, Figure II-I does v't indicate Class E C'kd;... cns.
Further, it Jis unclear as to the e>xsting water qualit-. Doas
Figure II-I represent water quality standards set in 1)>;. or the
water quality condition in 1975? This should be clarif. ' in the
final statement.

In addition, locations referred to throughout Section 2.00.
particularly with respect to water quality data, should t; <ow
in better detail in Figure II-I. This paragraph refers to . u Lge
deposits in several areas below the West Warwick Wastewater
Treatment facility. These areas should be delineated in Ft,,ure
II-i and, in aJdition to sluggish fluws and sedim ntati,-r-
resulting in these deposits, it should be pointed out I. ill-
adequately treated wastewater is a significant cause o .
deposits in receiving waters.

Pages 2-3 to 2-4, paras. 2.18 - 2.21

These sections are unclear as to the existing water quaY . , e
project area. On page 2-3, para. 2.18, it is stated th& ;i
solved oxygen content is improving and at the same time the .
,.)rm bacteria count has increased by approximately 4000%. rtz'e r
in para. 2.20, it is stated that Pawtuxet River water continues
to exceed state stream standards while in para. 2.21, water
classification in Apponaug Cove ranges from SC to SB and in
Greenwich Bay water quality is SA. It is conceivable tl:.at with
a high dilution factor in Apponaug Cove and Greenwich Bay water
quality can improve. However, to adequately assess water quality
in the project area, this section should be expanded to irrlud
an analysis of all chemical and biological constituents afcting
water quality, and a survey of the industries dischargirt into
the Pawtuxet River to assess their potential effect on wter
quality in the future. Secondary treatment of industJaI ciis-
charges is not sufficient in many cases to remove pollutants
that affect marine life. In para. 2.20, the reference to Table
11-3 should he 11-2.
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Page 2-4, para. 2.23 -- The first sentence of this paragraph
states that industrial waste discharge is assumed to have been dis-
continued. This should not be assumed, but determined in fact
whether or not industrial waste discharge has been discontinued.
Water quality improvements under the 1972 legislation (Public
Law 92-500) would not be due to a discorninuance of discharge,
but by the upgrading of the treatment of ,hese discharges. The
upgraded treatment may or may not be sufficient to meet water
quality requirements in Apponaug Cove and Greenwich Bay, even with
dilution.

Page 2-5, paras. 2.25 and 2.27 -- Sludge storage at the two
wastewater treatment facilities mentioned in these paragraphs
could present a problem to water quality of the Pawtuxet River
even during non-flood event periods. Surface runoff during and
after rainfalls, and leachate from these areas, could contain
pollutants which would degrade the water quality in the river.

Page 2-7. para. 2.39 -- This section should be expanded to provide
an inventory of important marine resources within the Cove and Bay.

Page 2-8, para. 2.44 -- This section should include a discussion
on the state of Rhode Island's interest in restoration of historic
runs of anadromous fish to the Pawtuxet River. It may 1- possible
that with proper management, such as fishway construction,
pollution abatement, and streamflow regulation, anadromous fish
could once again become a valuable natural resource.

Page 2-12, para. 2.74 -- In our opinion the importance of the shell-
fish industry warrants a more detailed discussion; particularly
in regard to possible negative impacts upon that industry as a
result of the proposed project.

4.00 The Probable Impacts of the Proposed Action on the
Environment

Page 4-1. para. 401 -- This section forecasts the impact of sedi-
mentation as minor due to the presence of dams upstream. How-
ever, maintenance dredging is required approximately every 8 to 10
years at Pawtuxet Cove.
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Page 4-1, p4 "J. -s a ..... at L;e divers icri
f ,..f ould -ot t!! t . rive r ec ., ,-t i m H ow cve 4

a:.cumulated etf,.cf- -': divort: flow waters into Armonaug C v
should be investigated and presented in the fiia-11. Ivircum,
impact statement. Fufther, tho Natiek DiverI,-' w. pr,
many proble:., anadl,.-mLus 'I i- the stai: d,
restore zoc., resources within t,. i~wtuxet 'ater:<:.
overflo. dw. spillway crest, and .,,ick Pond Dam will pre vent
upstrea.i migration. Divertir.g water from the low t
dur'_ng mivration could effect homing ana ;pawning succes ar.'
juvenile .ev7 lopment of anadromous species. Fu:thcr 'Ahou
adults reach ipawning sites, eggs and young fish movin6
downstream, (-iring a flood condition, .,ould be pulled into t~ht
intake s:ructure with diverted flows. Mechr.ical damac! l ,
incurred whiie passing through the tunnel. Upen discharge to.
Apponaug Cove, eggs and young fish ,oxuid be subjected to sharp
increases in temperature, incr-ised ,aqinities, and ranic '-Thange'
in pressure.

Page 4-4, paragraph 4.18 -- It is stated tha . rc.e, . floe:
control measures will have little or no impa . ... 7!i: J.g eCCe-
ational resources within the project area. R' - na ra
4.08, indicates about 8 acres would be created 6' 4ra.,. c ,
the Pqwtuxet Ri,7er course with subsequent- land :iii. it s r
understanding that approximately 3 acres .onsi, : of tc-r
5 acres consist of Pawtuxet River Reservation. iher f-r.
sLortenin. the river in this aroa will cf.iminate 8 acres
recreation land for industrial use. This- we consider to
major environmental impact, and believe it should be so defined
in the final environmental impact statement.

Page 4-10, paragraph 4.58 -- This paragraph should be expanced
to cover all water quality parameters. On page 2-4, paragrad;;
2.20, it is noted that pollutants associated with urban runoffs
will be carried into the river and diverted to the Cove and Bay
Recent Environmental 'rotection Agency studies indicate that
stormwater runoff in many citl-es consist of heavy metals and1
contribute a greater poilution bad than does a treated ,

outfall. Also, on page 2-4, paragraph 2.23, it is noted t,'rat
heavy metals are still present in sediment deposits of th,
river. During flood periods these sediments rc)uld he.dicv:>:
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to Apponaug Cove and Greenwich Bay; thus the possibility ('ists
that heavy metals could be assimilat d by shellfish and iifish
resources. Thc.refore, biological Hccum,,lation of heavy metals
contained in riv,,r flows should be exp, - cd in Apponaug ('n,,
and Greenwich Ba-.

Page 4-11, paragraph 4.60 -- It is stated that a salinity
reading of .0 ppt is considered to h, a point at which ther,,
will be some effect to marine life. Such a statement should be
qualified and substantiated in the final envirun.Uental impact
statement. Further, we qitesti.n such a statement because
detailed assessment of saliniLy tolerance of aquatic resources
should be analyzed in conjunction with other environmental
factors such as light intensity, temperature, water movement,
dissolved gases inod nutrients. Befo-c 5-.h a deterlination can
be made, more detailt-d in:~u:atioon si]-nity variations and
associated variables is needed to accurately assess ohe computer
model.

Page 4-12, paragraph 4.63 -- Page 104, paragraph 1-13 indicates
that the diversion rate in most years wou-d be in the orrirr of
300 to 800 cfs. !oweer, in this section 200 cfs (an 3 'nuai

event) was used as the diversion rate for the computer. This
section should present data for 300 and 800 cfs diversion rates
to more accurately assess the expected annual cv.<nt.

5.00 Probable Adverse Environmental Impacts that Cinnot be
Avoided

The adverse environmental impacts presented in this section are
non-specific and based on incomplete or outdated environmental
surveys. For instance, on Page 5-1, paragraph 5.04 there is no
mention that construction of the diversion will result in per-
manent destruction of 1/4 acre of saltmarsh and bottom habitat
in Apponaug Cove. In addition, the Warwick segment of the
project with its channel relocation will result in a loss of
stream habitat. Further, the diversion may greatly impair the
potential for anadromous fisheries restoration within the Pawtuxet
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Watershed.

6.00 Alternatives to the Proposed Action

Page 6-18, paragraph 6.79 -- There are many unanswered
environmenLal concerns surrounding alternatives C-I ane C-2
that have not been thoroughly evaluated. Further investigation
should be undertaken to determine the effects of the diversion
on fishery resources and water quality of Apponaug Cove and
Greenwich Bay.

7.00 The Relationship Between Local Short-Term Uses of Man's
Environment and the Maintenance and Enhancement of Long-
Term Productivity.

Page 7-1, paragraph 7.02 -- This paragraph concludes that
the only pollutant of significanceintroduced into Apponaug
Cove will be coliform. However, it is certain that htc-ry metals,
insecticides, pesticides and BOD of flood water could seriously
affect the long-term productivity of fishery resources of the
project area.

Page 7-1, paragraph 7.03 -- Apponaug Cove is a nursery and
spawning area for winter flounder. During larval development,
modest changes in salinity may have detrimental effects on thesE
species, and on certain invertebrates as well.

8.00 Irreversible and Irretrievable Commitments of Resources
that Would be Involved by Construction of the Considered
Action

This section should identify resources which will be irreversibly
committed by construction and operation of the project, these
are: the irreversible loss of 1/4 acre of saltmarsh and bottom
habitat in Apponaug Cove and loss of stream habitat due to
channel excavation in the Warwick Industrial Park area.

9.00 Coordination

According to the Coastal Zone Management Act of 1972, all
Federal projects affecting the Coastal Zone must be consistent
with that state's approval Coastal Zone Management Program. We
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realize that Rhode Island does not have an approved CZM plan
but it is advisable that a project of this magnitude be
coordinated with the Coastal Resources Management Council of
Rhode Island.

Thank you for giving us an opportunity Lo provide these
comments, which we hope will be of assistance to you. We
would appreciate receiving eight copies of the final statement.

Sincerely,

- And ~y' Aa A e r
Deputy Assistant Secretary
for Environmental Affairs
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DEPARTMENT OF HOUSING AND URBAN DE,VELOPMENT AIe1A -'F.I.

48 IF AREA OFFICE

15 NEW CHAROON STREET
BOSTON, MASSACHUSETTS 02114

REGION I
REGIONAL OFFII.L-

BOSTON. MASSACHUSETTS November 22, 1976 IN REPLY . E7

U.S. Army Corps of Engineers
424 Trapelo Road
Waltham, Massachusetts

Attn: Mr. Joseph L. Ignazio
Chief, Planning Division

Subject: Pawtuxet River Watershed Study
Rdhode Island

Dear Sir:

The Boston Area Office has reviewed the above Draft Environmental Imlact
Statement within its area of expertisu.

We have no comment to make regarding the proposal to control flooding
of low land areas of the Pawtuxet River Watershed Area.

Thank you for giving this agency an opportunity to review and comment
on the above proposal.

Sincurely,

\ i. \

Acting Area Direc r
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MEMORANDUM 14:1P\R I I LN( )IALTI I I) ' BA, AND\'I. IL' IRL
IU.ll.: I ll 1 0 V.I T% (1

to l) \NI) L)( \I\IINI IIR\I'IN

"0 U. S. Army Corps of Engineera )AI L December 6, 1976
424 Trapelo Road
Waltham, Mass. 02154

.ROt Chief, Northeast Technical Services Unit
Shellfish Branch, DA

SUBJECT: Review of Draft - Environmental Impact 5rjteme t

Pawtuxet River Watershed - Interim Repuri

We have reviewej the "subject report and have tle fol lowing comments:

1. The Natick Diversion Tunnel is compleloly agdinst the philosophy of
the National Shellfish Sanitation Program ri- arding publir health
protection and we categori,_ally oppose it. The reason is that the
tunnel is diverting a major flow of highly pollutEd (industrial and
domestic) water to the relatively small 'reinwch 3ay wuich contains
a significant clam resource. From the irrormatior in -ihe report,
we can calcu!lte thut ii would amount !o a bacterial eauivaletf of
the raw sewage of over 2,000 people. We thus prcfer the flood
control alternative of walls and dikes.

2. The entire Greenwich Bay would have to be reclassified from lass
SA waters to conditionally approved. With the anticic:,-1 , (;iver-
sions of 300-800 CFS and coliforms of 13,000/100 rl or more, the
waters will not meet the approved area of 70/100 ml according to
the information provided. If diversions last one or two days and
the detention time in the Greenwich Bay is one to two dav ard three
days are allowed for shellfish to purify (bacterially only) them-
selves, the total closure time to thellfishing will mosl likely be
at least 7 days for each single event. If the state decides against
managing Greenwich Bay as a conditionally approved area, then ac-
cording to the National Program the enfire Bay would have to he
permanently closed to direct marketing.

3. We do not believe thdi the 13,000 coliforms per 100 ml is a real-
istic value for such a highly polluted and variable river. We do
not believe thai the 13 bacteriological samples collected are
statistically significant in such an important and costly project.
Furthermore, the 13,000 value represents a geometric average and
not extreme values whict ]enerally occur with high runoff and high
river flows. Although the hydrographic part of the report is with-
out question, the sanitation portion is lacking with regard to
evaluation of public health significance. For example, there is
no guarantee that wa.er quality in the Pcwtuxet River will improve
by mid 1980's as was suggested in the report. Population growth
could easily offset any water pollution control improvements in
that time. Also, Figure IV-4 shows about one nuarter of the Bay
to have 2% of the value of the Pawtuxet River water - in other words
a coliform of 2% X 11 ,000 = 260/100 ml.
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Page 2 - J. S. Army Corp- c tjsgiit-.rs

This iz predicted +r-r a floiv tf 200 CFS. vwy we figures not
presented in the report for the typical expected diversions in
the usage cf 00-RC)0 ?FS? Furthermore, the shellfish -tandard
is 70/100 ml. Therefore we are looking for what portion of the
Bay exoeeds 0.A4% of the Pov%,tuxet River at up lo BO (Jl).
appejis then that the er-tiro bay will exceed rhe shelli ,

dard ,:nder tyrical diversions.

4. From the public health point of view, the industrial w.dstes ,,ere
not even considered in the report. Mollusks concentrate or.innic
an- inorganic wastes and do not purge themselves for months.
TK'i, there is the possibility of permanent closure bc -ause of
hig' concentration of heavy metals, PCB's, hydrocarborts, etc.
not removed in typical sewage treatment plants. In summary, 4Kir,,
we recommend a complete reevaluation of the public health ad_,i, t_

If the Environmental !mpact Statement regarding harvesting ct
clams or other species of mollusks.

VL.( erber
'hief, NE Technical Services Unit

/
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TATE OF RHODE ISLAND AND PROVIDENCE PLANTATIONS

HISTORICAL PRESERVATION COMMISSION
Old State House
150 Benefit Street
Providence, R. I. 02903
(401) 277 -2678

December 10, 1976

Mr. Joseph L. Ignazio
Chief, Planning Division
New England Division, Corps of Engineers
U. S. Department of the Army
424 Trapelo Road
Waltham, MA 02154

Dear Mr. Ignazio:

This office has reviewed the "Draft Environmental Impa t
Statement, Pawtuxet River Watershed" and has the follow-
ing comments:

1. Previous correspondence from this office (may 10,
1976, June 28, 1976) has indicated the need for an
archeological survey. Currently this study is in
the process of being completed by Richard Anuskiewicz
and Dr. Frederick Warner with the help of our office.

2. Because the enviionmental impact statement will be
incomplete without the cultural resources information,
this office will reserve its opportunity to comment
until the appropriate material is received and reviewed.

SE eIly y urs,

Frederick C. Williamson
State Historic Preservation Officer

FCW/afc
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SUMMARY OF KAY 1977 PUBLIC MEtTINGS

On 19 May 1977, a hearing was held in Warwick, Rhode TSland to obtain
public comment regarding revised flood control alternatires on the
lower Pawtuxet River Watershed. Approximately 50 people 1: tended.

At this time, three alternativc-s were presented. They rcnsistep t' a
No-actIon plan, designated as Plan F the Natick Diversien-Warw. ck
Local Protection; referenced as Plan >-I, and a revised WarwIck ocal
Protection project in conjunction with additional flood control
storage at Big River Reservoir. This was designated as Plan P. The
primary element in the No-action plan is participation in the
National Flood Insurance Program along with regulatory measures and a
sound land use program. The revised Warwick Local Protection project
had an identical alignment as the one presented with the Diversion
except that its height would average three to five feet higher. This
compromising Plan is not as effective as the Natick Diversion wit'
the Warwick Local Protection Works; protecting only 489 ownerships,
leaving 284 unprotected. The NED staff also presented the
environmental aspects of each Plan.

In the public comment portion of the meeting, Plan D, the revised
Warwick Local Protection project, received positive' response. The
reason was that the alternative eliminated the Natick Diversion which
was objected to very strongly at the October 1976 meeting on the
grounds of its cost as well as certain environmental considerations
such as the aftect on Apponaug Cove.

A, statement was given on behalf of J. Friedemann from District 35 of
the State legislature. He reiterated a strong opposition to the

diversion as the cost connected with It is prohibitive.

Gloria Kennedy Fleck, Senator from the Rhode Island State Legislature
supported the compromise plan in that it would be a working alterna-
tive to the flooding problem. She urged the Corps to continue
listening to the comments of those in the affected areas.

Representative Maureen Maigret found the proposal acceptable because
it eliminated the Natick Diversion which she strongly opposed at the
previous meeting. She stated that the people in her district would
also find it accept dble.

William Lovely, representative from District 30, supported Plan D as
a means of protec!winn. He said that Big River Resevoir would benefit
not only the residents of Warwick, but the entire State.

The West Greenwich Town Council President gave support to the imple-
mentatlon of Plan D as long as its development does not require
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further acquisition of non-State owned land. If this were the case
then they definitely would oppose it. The NED staff responded that
at its present design state the additional height of the dam would
not require anymore land for flood storage which Is not already owned
by the State.

A member of the Water Resources Board of Cranston was very much
interested in the development of Big River. He foresaw problems,
financially, legislatively, and legally, 'Mowver, pledged their
support for the project.

The Providence City Planner, representing Mayor Vincent A. Cianci,
acknowledged that most of the measures that can be taken within the
South Branch Watershed to ameliorate the Pawtuxet River flood problem
are now properly included in Plan D thus supporting the Local Protec-
tion Project and Big River Reservoir. He did state that there was
room for further consideration of other measures which he felt could
effectively lower main stem flood damages. Such measures could
include removal of obstructions and restoration of the river's
natural gradient. He recommended that the Corps explore these
possibilities for cost effectiveness. The NF.D staff responded that
these additional measures had been looked into by the Hydrology
Department. Channel improvements, such as those mentioned, would not
have a significant effect on reducing flood flows due to the flat
gradient of the river bed. It was also stated that It was within the
Division Engineers' authority in making any recommendations
concerning the study, to address a proposal under which the Corps
would construct the Big River Reservoir. The city might desire to be
the sponsor of such a proposal. This, then, could result In the
Corps undertaking the project.

The city planning Director for Cranston was in favor of the Big River
Reservoir project and abandoning of the diversionary tunnel. How-
ever, realizing that the flood storage capacity of the flood plain Is
continually being reduced by development, opposed the construction of
dikes. He stated that tax money should not be used to protect the
investment of commercial and industrial establishments when they
knowingly built in the low lying aceas because the land was
cheaper. In addition, his experience has been that industry and
commerce will tend to protect themselves anyway in case the dike or
gates fail to operate. Therefore, it should be recommended that
restrictions on the present and future flood plain should be imple-
mented.

The NED staff made one ob:ervation regarding these comments. It was
stated that the Corps waa not the Federal agency which can implement
the Flood Insurance Program or all of the obligations that go with
it. This is actually done by HUD. The Corps does have under its
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authority what is known a. ,c_ on 73 to .ook v, ,m-st*ructura
solutions. Also, theae o ! is aere emphasized iA the No-actio.
program which meant No-.ictioa on the part of the Cor'- but did -iot
mean No-action )n the part of tH omnrnit:s. It was poir.ted out,
by another indi.idual, that Lw b f,: prehvn)ti,.g .'-ure floo2
losses 17, clearly on the local cornilnAity. It they do Oie job, 'he:
mistakes made in the past will not oonrinue.

Other individuals _i(.o pointed out (,. for a plan .-. regu. - -r
measures which would restrict levelc.;,r: ,. in the flood p' air..

The Mayor of the city of Warwick, Jo-2h Walsh, expressed hit

pleasure with Plan D which was presen;ed. His only coi ,eri w' the
plan wis that it required the city :'o contribute for the lc'.., ; an,

acquisition and maintenance. This would average :_bou , iC -,0" )r
year for 20 years. The reason for this being that the Local Pr_<.c:-
tion Project requires local finaucing whereas t- Nalick Diverc is.
a totally Federal project. He disagreed with this ph[osophy bc -3

the cause of the Warwick flooding problems were regi.oosa, in *?ur,
tha': being the upstream development in other comminities, qincc. there

would be about five years un'.il co.- :ruction would begin, th . -1ty
would have the opportunity to enter into any agreemenr .it - or

and request that these financial arrangements i. - ,
then, he will search for the necessary funding re ,. - :'

regional nature of the project. The city will o - i i .T)nte it
the Governor and the Pawtuxet River Authority f.2 ,' t tin- a

solution to the finan,::ial burden.
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CORRESPONDENCE FROM 1977 PUBLIC MEETING



*ftate of Riobr AJulaub ab Viroutbenr 'Plantatns
REPRIE NTATIVE Committee on Judiciary

ZYGMUNT J. FRIEDEMANN ifff-
3I Gge Arden Avenme

W.lck. Rhode Iland 02886

tRom 326 state Hel"k-
Providece, hde Islad 02903

loan of prnutsttut

STATEMENT ON PAWTUXET RIVER WATERSHED
MADE BY MR. CHUCK HAHN ON BEHALF OF
PEP. Z. J. FRIEDEMANN, DIST. 35 WARWICK

AT PUBLIC HEARING, MAY 19,1977

As I have testified at the public hearing on October 14, 1976,

I wish to reiterate tonight on behalf of my constituents in the

35th District again my strongest possible opposition to the pro-

Posed Natick Diversion combined with the Local Protection Project

outlined under Plan C-i on the agenda.

My opposition tonight is based upon the same reasons sub-

mitted in the October testimony:

(1) An absence of any meaningful public support for the

project which calls for approximately $60 million expenditure of
Project

public money, and a total objection to the DiversionAby the peoplu

of District 35.

(2) The financial inability for the City of Warwick to cope

with nearly $100,000 annually over 20 years span of time.

It has to be noted again that while the cost of the Diversion

project was prohibitive to the City of Warwick in October 1976,

it is even more prohibitive now in the light of fiscal problems

the City experiences combined with increased burden of property

tax.
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In as much as Plan D does not affect adversely my constituents.

I take no issue on it, although the cost connected with it (being

identical as under Plan C-l) is prohibitive.

In summary, the U.S. Corps Engineers has-to learn to accept

the local decision made in October 1976 that the Diversion rject

is absolutely, positively, and categorically negated, and tiiat

therefore there is no need to keep reviving it.

Respectfully submitted,

zygint J Fledann
Repr sentative, District 35
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Executive Chamber, City of Pro' lence, Rhode Island

Vincent A. Cianci, Jr

19, 1977

Col. John P. Chandler, Division Engineer
New England Division, Corps of Engineers
Department of the Army
424 Trapelo Road
Waltham, MA 02154

Pe: Pawtumet River Watershed Florl anagement Study

Dear Col. Chandler:

This statenent is in response to the announcement of April 1 ', 19,7 of
the public meeting on alternative plans for flood iranagement in f; Yawtuxet
River Watershed.

The City of Providence bears heavy responsibility for flrvaoe in this
river basin. Our metropolitan water supply system presently contols 92.8
square miles of the river's total basin area of 229.6 sqiare miles above the
Scituate Reservoir dam; and an additional 29.7 square miles above the oroposed
Big River Dam are planned to become part of the same watei supply system.
About 4.6 square miles of the tributary Mashapaug Brook watershed are also
control Led by dams owned by the City of Providence; and thee Broad Street dam
also under City of Providence responsibility substantially affects the stream-
bed characteristics of the lower main stem of the Pawtuxet River. In any
plans for reducinq flood damages in the adjoining flood plains, therefore,
the City of Providence should and can be an important cooperator and collaborator
in both the design and operation phases. Hence, our active interest is continu-
ous throughout these proceedings.

Ever since the public neetinq of Octobet 14, 1976, the City of Providence
has in conference and correspondence with the Army Corps of Engineers urged
the Corps to restudy the opportLu:,tiies for reducing flood dangers in the
lower Pawtuxet flood plain. We w-ie encouraged by the attentive courtesy
shown in February and May to my iepresentatives in two technical conferences at
the Corps' headquarters, and by the invitation to discuss a new conparison of
alternatives at an April conferenoe at the Statewide Planning Program office.

In the notice issued for this public meeting, we observe that construc-
tion of Big River Feservoir incLuding an additional height of 2 feet to be
assigned for flood storage has been moved from the catecory of "future actions"
to active status within Plan D. Also, in publicity released April 25th by the

3-82



(bl. John P. Chandler, Division Engineer
Page2
My 19, 1977

9x0de Island Water Resources Board, it a.-peared possible that the Army
Corps would propose to fund construction of the entire reservoir and dam, with
repaynent of the water supply portion to be made over 50-years from water
revenues. In view of the economic benefits to Mtropolitan Providence and the
State of Fhode Island, we would probably favor sucrh a proposal but -a.st '-: i'
its presentation before we can study it and -,Tmrmnt further concerning Jt

The City acknowledges that most of tle measures that car. b- taken within
the South Branch watershed to aneliorate the Pawtuxet River flood probl(-. are
now properly included in Plan D. However, this leaves for further consi2-era-
tion those other nasures which we feel could be effectively taken in the river'F
lowr rmin stem to further reduce flooding damages, including revioval of obstruc-
tions and restoration of the river's natural gradient and velocity. 7he City
recommnds again that the Corps should explore these for cost effectiveness.

Sincerely,

VINCT A. CIANCI, JR.

Mayor of Providence

VAC

cc: Governor Crrahy
Senator Pell
Senator Chafee
Bepresentative St. Germain
Bepresentative Beard
John A. Doherty, Chainran, Water Supply Bd.
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Mayor James L. Tait. I' EXeCui e h ci .r '( it HalliCranslou Rhodc lkland 02( 10

June 30, 1977

Colonel John P. Chandler

Army Corps cf Engineers

Department of the Army

424 Trapelo Road

Waltham, Massachusetts

Dear Colonel Chandler: RE: Pawtuxet River Flood Control

I am pleased that the Army Corps of hnineors no longer recommends

the earlier alternative of a diversionary tunnel. If the choice must
be limited to the remaining alternatives, the combination of Warwick

Local Protection with the Big River Reservoir is preferr d.

I concur with the feeling of the citizens of Warwick iat !-be 7
should not be required to pay one million dollar-3 toward t..; of

the local protection. The entire project should he federal],, srnded.

The "probability" that the federal government may pay for the

additional cost of the flood control element to Big River Reservoir

should be made more definite and not require it to be abandoncd or to

be finarced by the state.

It should be noted that tLe "most optomistic" schedule for actual
construction to begin is five years and a realistic estimate for

completion of both elements could easily be ten years or more. In the

meantime, the residents in Warwick who are the most endangered are the

least able to take measures to protect themselves.

I realize that while the Army Corps of Engineers has communicated
with other federal departments, its assignment tended to limit the

solutions essentially to expensive and time consuming engineering

projects.

The Corps of Engineers should be authorized to continue without
delay with plans for the recommended Warwick Local Protection and

Big River Reservoir.
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In the meantime, I would suggest that a study be made joint1N by
the Army, the Federal Insurance Administration, and the Environmental

Protection Agency. This could very well result in a solution that
would be of more immediate benefit, les, costly, and less damaging to
the environment, and stressing prevention of floods rather than cure.

Sincerely yours,

mes L. Taft,
Mayor'

JLT: km
cc:Senator John H. Chafee

Representative Edward P. Beard
Governor J. Joseph Garrahy
Mayor Joseph Walsh
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May 23, 1977

Colonel John P. Chandler

Corp of Army Engineers

424 Trapelo Road
Waltham, Mass., 02154 ALtention of: NEDPL-L

Dear Colonel Chandler:

We, the residents of the Belmont Park a&ztion of Warwick, R. I., do herdby
voice our approval of Plan D for Warwick Local Prote: -. n, Big River Reservoir and

Future Measures, and we urge the Corps of Army Engineei, to proceed with speedy impli-

mentation of this project in order to protect the residents and property of our
neighborhood from future flooding of the Pawtuxct River.
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State of Rhode Island and Providence PlantationstEXECLVE CliAMBER.PROVIDENCE

August 15, 1977

J. Joseph Ganrahy
Governor

Colonel John P. Chandler
Division Engineer
New England Division
U.S. Army Corps of Engineers
424 Trapelo Road
Waltham, Massachusetts 02154

Attention: NEDPL-L

Dear Colonel Chandler:

Following the public meeting which you held on the Pawtuxet
River flooding problem in Warwick, Rhode Island, on May 19,
1977, we have carefully considered the alternati.P"s presened
and their ramifications for Rhode Island and the q.rspie and
communities most directly concerned. I am pleased f:t endorse
"Plan D" involving Warwick local protection, the Pig River
Reservoir, and future measures as iz was presented at the
public meeting and as described in the Corps of Engixeers'
reports on the Pawtuxet River Watershed.

Substantial support for "Plan D" was demonstrated at the
public meeting by local governments, members of the General
Assembly, and the public. I recognize that three issues re-
quire further exploration:

1) Utilization of the proposed Big River Reservoir for
both water supply and flood storage purposes, and pos-
sible Corps of Engineers construction of or financial
participation in this project: These arrangements ap-
pear to offer distinct advantages to Rhode Island in
constructing an essential facility. While all aspects
of such a cooperative venture must be worked out in de-
tail before a firm decision to proceed to construction
can be made, I believe that we should pursue the neces-
sary studies and ncgotiations immediately. The Rhode
Island Water Resources Board will contact you directly
on this matter.
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Colonel John P. Chandl_
Page 2
August 15, 1977

2) CIBA/Geigy Company wetland permit: This firm currently
holds a State of Rhode Island wetlands permit. This
permit requires that certain areas be left undeveloped
in order to accommodate storage of flood waters. The
flood protection which would be provided by "Plan D"
may make the continued retention of all or part of this
area unnecessary. I am directing the Rhode Island De-
partment of Natural Resources to review this matter.

3) Non-federal share of project cost: The required non-
federal contribution may present a problem to the City
of Warwick, even though it will not be needed for per-
haps five years. One method by which this burden may
be lessened is through the acquisition of property
through donation as a means of meeting part of the non-
federal share. This, of course, is unclear at this time
and will require substantial investigation in the months
ahead.

I want to extend my appreciation to you and your staff for
your efforts in studying and presenting alternatives tc the
plan that you had initially selected. I believe that the
compromise solution which "Plan D" represents is a valid
trade-off between cost, degree of flood protection, environ-
mental impact, and other factors which could not have been
achieved without the cooperation of all concerned.

Sincerely,

setphGarra
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* 3 March 1979 Workshop Meetine,

On 3 March 1979, a workshop meeting was held at the Aldrich Junior High
School in Warwick, Rhode Island. The meeting was ar:ranged by local
interests. The purpose was to formally announce our plans for the
Norwood-Belmont area -- the land bank or acquisition program for 32
homes north of First Averaue. Between 75 and 100 local residents along
with Representative Beard, congressional aids from Senators Chaf fee
and Pell's offices, Mayor Walsh, Barbara Sokoloff, the City Planner,
Anne Stubbs from the Governor's Office, and an official from the State
Transportation Office were in attendance.

The meeting was initiated with a history of the study and then the
acquisition program was explained. At this time only the 32 homes
north of First Avenue were considered in the acquisition program due
to the uncertainty of the programs acceptance by local interests.
Many of the homeowners south of First Avenue objected to this scheme
as their flood problems are as severe as those homes north of First.
Virtually all of the homeowners included in the original acquisition
program accepted the proposal. We were led to believe by Warwick
officials that the plan would not be generally acceptable to locals.
For this reason the acquisition was limited to a minimal number of homes.
About 8 to 18 homes south of First Avenue would have been included in
the acquisition program originally due to their first floor elevations
being below the 100-year flood as modified by Big River and under
natural conditions respectively. As a result of this meeting and
subsequent local meetings with residents of Norwood (Belmont) a 1.igh
degree of public acceptance is evident. The current pl~in cLiing for
acquisition of 40 to 50 hones depending upon conditionc was advocated.

Also at this meeting Mayor Walsh formally announced that he was not
supportive of the Warwick Avenue Local Protection due to the required
cost sharing formula.
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Cpetty CfAerce _ _ _ _

193 SUMNER AVENUE
WARWICK, R.I. 028B

February 4th, 1979

Congressman Edward P. Beard
307 Federal Fullding
Providence, Rhode Island

Dc.ar Congressman:

First of all, I would like to thank you for the very nice
letter of sympathy received from you regarding the death
of my Mother-in-law, Nora Pierce. She thoueht quite highly
of your Mother, and it was so kind of you to think of ur et
this time. I thank you in Yebalf of the entire Pierce
family.

Secondly, I am wrltina in behalf of th. rf.sic IntE of
EELMONT PARK, the low-lylng area of Norwood, bordered by
the Pawtuxet River.

We have fought for the past ten years for permanent flood
protection for our homes. We even fought for flood protection
all along the Pawtuxet Rivtr (th- N:tick diversion) for all
of Warwick. All that hps been accomplished in all this time,
wore Temoorary dlkes put in by the Army Corps of Engineers
In 1970.

Well, last week, on January 26th, our temporary dikes were
washed away by the angry waters of this river. Our homes
were contaminated by sewerage and oil, our boilers and
belongings damaged, and the residents evacuated for days.

The worse of this whole frustrating situstion being the loss
of three lives which were flood-irelated.
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Joe Walsh has helped us no very much in the past ten ytars,
fib:-hting with us every step of the way, cvcn to filling
sand-baEs with uE. Last Sunday, he sp(ent thc eitire day
with us, and Gerry Gibbons, our councilman, was with us
since Thursday night. They have helped us in every way,
but there is just so much the City of Warwick can do.

Vow everyone knows that you are a fighter, so I am asking
for your hclp. he suref could use a friend in Congress.

If you could possibly come and meet with us, we would certainly
appreciate it. Perhaps we could fill you in with more
details of this terrible situation and our ten year brttle.

As thinSs stand now, without our temporary dikes, we are
back to whEre we were in 1969.

Thank you so very much.

Yours truly,

Betty Pierce
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EDWARD P. IEARD DIST,,CT o :tS
2O 0IgT.MCT. ROOS ISILAN, 307 POST OrFIcE ANNcX

pIOVID9C.C. RNoOD ISL 02903
WAS IRT" O I=C. (401) 5ZB-6 1

I1 CANNON HUSA O,,'c Gkmo1.6

(202) 225-275CoT$So ea ntbO ttl W xWImK R-OO I.-Co 0289

• fsouOt of rkepre~entatiem (401) 528-4071

..... ..... Wagbfngtoln, O.C. 20515
SELECT COSMIrVEE ON AGmnq

Providence, R. I.
February 12, 1979

Colonel John P. Chandler
New England Division, Army Corps

of Fngineers
424 Trapelo Road
Waltham, Massachusetts 02154

Dear Colonel Chandler:

As you know, there is a meeting schedule for March 3,
1979 at 9:30 A.M. with representatives of the Army Corps
of Engineers and the residents and governmental representatives
of the City of Warwick concerning the serious flnrll prcbLem
confronting the people of the Belmont area of thEt City.

For approximately forty years, the situation in this
flood plain has become progressively worse. In 1968, for
example, the people of the area were hit with a flood which
had the severity of a "15 year" flood. The most recent one
is estimated to be of the "25 year" variety. In this last
instance, two deaths have been indirectly linked to it.

For over ten years, the people of the Belmont area have
been promised protection. In 1970, dikes along the Pawtuxet
River were supposed to be the answer to the problem. In 1972,
protection was going to be provided by the so-called Pontiac
Diversion. In 1976, this was superseded by the Natick Diversion
plan. All that seems to be happening is that we are being
diverted from achieving the goal of providing the people of
the area with the protection they need.

The residents have been more than patient with the slowly
moving wheels of qg-ernment. They are becoming more frustrated
with each passing (lay. Furthermore, as a result of the pro-
gressive nature of the flooding, residents are not only fearful
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Colonel John P. Chandler
Page 2
February 12, 1979

of loss of property, but of their iv5- wel.l. Most of
the families still have a desire to renain in the area.
Some of them have been there for olver 30 years. They wouldi
tend to view, I believe, a land acquisition proposal as the
least desirable of possible soluti-is to their problen-.

In preparation for the March 3rd meeting, I would
strongly siigqest that all possibp local flood protection
plans be evaluated. We are not interested in a "solid
gold" solution that will carry an astromonical price tag and
will involve digging up half the City of Warwick. We are
just looking for a local flood prntect-!.m cPlan that will do
the job.

At the meeting, if you cc.v]d identify the 1rarioils alter-
natives and evaluate their flood control effectien :
well as their cost-effectiveness, it would be arpi.! .jatcd.
If a particular project is viewed as not :'ioc cost-:cc ve,
would you see that the yardstick used to measure this factor
is clearly explained so everyone can understand it?

If there are no effective local flood protection oossibi-
lities for the people of this area, let's at least ]ho hones4
with them and tell them so. At that point, land acouisition
may be the only feasible solution to the problem. If it is,
how long will it take to implement it? Whatever the solution
is, let's GET MOVING before vie all die of old age.

Thank you for your cooperation.

Sincerely,

Edward P. Beard

Member of Congress

EPB:nc
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DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION. CORPS OF ENGINEERS

424 TRAPELO ROAD

TTTIO WALTHAM, MASSACHUSEITS 0Z154

REPLY TO
ATTENTION OF:

NEDPL-B 1 March 1979

Honorable Edward P. Beard
House of Representatives
Washington, D.C. 20515

Dear Mr. Beard:

I have your letter of 12 Februar' 1979 regarding the flooding
of the Belmont (Norwood) resideni al area. This area is one of
our deepest concerns because of the severe impact on the resi-
dents irvolved. Unfortunately, it is also a very difficult
and costly area to protect. The purpose of my letter is to
review the efforts of this office in trying to develop a way
to protect the people and homes in Belmont.

Your constituent's letter refers to the loss oi temporary dikes
in the recent January f1ood. Several merbers of my staff were
with Mayor Walsh and Beimont residents duriug that flood. The
dikes referred to were constructed as emergency 1- aures and
were not meant to be capable of protectinz a ai.ist all flooding
along that portion of the Pawtuxet River. One of the dikes
provides relief against minor floods for the River Street-Natick
Mill Village area and the other, the low-lying Belmont (Norwood)
area. The dike at Natick iill Village was built with non-Corps
of Engineers funds during the construction of Interstate 295.
In 1969 approximately $5,030 was spent on raising the existing
dike an additional three feet to help prevent overtopping.

The Belmont dike was built as part of "Operation Foresight" in
1970. The funding source for both expenditures was under
P.L. 84-99, Flood Emergency Assistance. After construction and
inspection by the government, such projects are turned over to
local interests for operation and maintenance. These corrective
measures are not meant to be permanent solutions to the flood
threats, and reconstruction is not a Federally reimbursable
expense.
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NEDPL-B 1 Marc' 1979
Honorable Edward 1'. oar

A recon.naisbance rri. rr for the Pjwti:. " r Watershed %,.

prepare.' in D,:cebir 1971 identi ving :1i _ :,ic_-nt flooding pro-

blems tn the lower reach of the r!' e-r ft - the moi,.. to upst ream
of the Belmont area. Floods can he, . i I h- iot:, river flow ind
high tdal surges. At the time of rhe: rec,n .an~ e report

the solut ions under consideration were rtil: 'o'ii ic Diversion
Complex, a hurricane barrier at the mouth of tile Pawtuxet ,.iver,
upstream reservoir sites at Big River iieservuir, pc sibie
modification of the existing Scituate Reservoir and various

local protection projects in the lcwur reaches of the iainstem
Pawtuxet River. Tihe Pontiac Liivursioy icle::.! was an authorized
project in !il, 1hut when loc.a i~it~r-r. id not provide the

necessary co:it sharino, it was de4.9i;Loriir2 in 1951.

New methods, as well as reevalIaitn c: thc old r. , ,., .r

investigated at the Pontiac Diversion site..h;ne 1' ' ensi

development (Midland and Warwick Mlclls) has pl,-, pl z, )g

the edge of the floodplain near the intai .. i Pc , .- erso.

Construction of the Pontiac Diversion prop:,al voulI a,,,;ravte

flooding of both the Midland and t,'OrwiCk Malls u" ]css a -,
protection project were built surrminding ev-h si to.

From the preparation of up-to-dat- a116nstra .' ,2 t aitLo
reality of new development in the pro ject ar ,r he c,--)-.tructi '

cost of the Pontiac Diver5ion exctvudoIJ t5,i)0,-'-O r, all
methods investigated, fa- iii ex, ss of the 1.en.fits ., bc rcalizec

from its implementation.

Even with a major divers: n of rive-r flows, several extren. low

lying areas from the Warwick Industrial Park up to and including

the Belmont section would still be subjected to storm tides and

thus would need sonme additional f,,rm of protc.rion. A hurricane

barrier across the mouth of the river pr:ved to be economically

infeasible, and, was discarded in favor of some form of local

protection project. '1. height of the pri.tection projects would

depend upon several fa. tors, namely the hright of riv:r flooding
caused by rainfall-runoff, the hight of the storm driven tides
and a combination of both. The st ii lrs foeused -n two basic
measures to reduce flood damages in the basin. One was to
reduce flood stages by diveruion of excess ! low- and the second
was to supplement the first with loa] protection for the more

extreme low lying areas.
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Honorable Edward P. Beard

When diversion at the Pontiac lo ,Lion was found impractical,

a new diversion site was investigated with an intake near the

Natick Dam on the West Warwick-Warvick line. The 2.5 mile

tunnel would discharge to the Apponaug Cove-Greenwich Bay area.

This proposal, called the Natick Diversion, required considerable

preliminary design efforts to develop costs. Initial foundation

and material investigations indicated that the rock to be en-

countered was suitable for most forms of construction. The pro-

ject was economically justified.

This office thcn formulated a flood management plan with the

Natick Diversion as the key element. Because such a large volume

of water could be discharged out of _h,! basin, the necessary

heights for the protection measures at the Warwick Industrial

Park and the Belmont (Norwood) area would be 3' to 6' less than

withou't the diversion in the plan. Preliminary ,jst : in 1975

for the Belmont project, based upon a minimal earth dike cross

section, was $1,100,000 exclusive cf laids;, damag,:s -ord the

internal drainage system and pumping station. The cost of the

Natick Diversion was estimated in a ranpe from $29 to $42 million

depending upon the method of construction and the quality of

rock alonv the tunnel's path. Lands and damages were not included.

These two elements, Natick 'Diversion and Belmont Local Protection

Dike, along with the plan for the Warwick Industrial Park, were

presented to the public at meetings he~d on 6 and 8 May 1975.

When combined in a system the project had a benefit to cost ratio

over 1.2 to 1.0. At these public meetings there were strong

indications of support froic the public and two resolutions

passed by the Rhode Island Congressional Interests were received

in favor of continued studies of the recommended plan. The

public requested further nonstructural studies and detailed in-

formation on the environmental impacts of the proposed diversion.

This plan would have provided an extremely high degree of pro-

tection to virtually the entire mainstem of the Pawtuxet River.

3-97



/

/

NEDPL-B 1 March 1979
Honorable Edward P. Beard

At the conclusion of the environmental ;m,:pacr studies wo
again met with the public on 14 OctobLr 10,76 recommending.
the same plan as previously reported. Assuming the worst
posqible construction conditions, including lands and
damages and updating unit prices, the cost of the diversion
rose to $49,000,000, an increase of 16.7 perce:nt. Th( o:-t
for the combined Warwick 1Tdustrial-Belnlont Area project
rose to $10,300,000, including interior drainage facilities,
the costs of lands and damages, and the now required secLion of
dike behind the American Lurnier yard. Thu approximate cost of
the Belmont section alone would be $4,000,000. When the com-
bined project for the two local protection areaa is evaluated
as a system the benefit to cost ratio was slightly above unity.
The benefit to cost ratio of the Beimont area alone was less
than .25 to 1.0; however, we felt we could include the Belmont
project within the combined system, reasoning that we would be
able to use considerable material from the diversion excavation
as filler material in the dike section. The Buelmonr like would
in essence become a spoil site for the tunnel excavar. Jon, pro-
viding an overall enhancement to the social well being of the
area.

As you are aware, the results of that 14 Octoh, r 1976 meeting
came to us very unexpectedly. No intere:! spk, in favor of
the diversion and only LITe individual spok' tor the Bel mont
(Norwood) project. In addition, the city of Warwick informed
us that they could not cost share any of the local retlh irements
(equal to $800,000). An acceptable flood protection plan for
the Pawtuxet River Basin did not seem possible. We were then

asked to take one more look to see if any flood management
plan could be found which did not include the diversion.

Through a series of workshops with st.ite and local groups, new

interest became apparent when the Governor of Rhode Island
urged us to look at the proposed Big River Water Supply Reser-
voir for multi-use aspe, ts including storage of flood waters.
We have calculated the flood stage reductions due to flood

storage in Big River K,.,crvir to h,, relatively minor with

water level reduction- of lcss than two fcet at Belmont and
only one foot at Warwick Avenue (Industrial Park). At a

May 1977 public meeting we agreed tc examine the feasibility
of a basin plan consisting of flood storage at Big River Reser-

voir and local prot e t ion at Belmont and Warwick Industrial Park.
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Honorable Edward P. Beard

Due to the now unavailability of tie free spoil material to
fill up the dike and the fact that :ho dikes must be higher
without the diversion, the costs now have risen to about
$7,000,000. The local contribution would be about $1,400,000
if approved. The benefit to cost ratio for providing protection
to the Belmont area alone is less than .25 to 1.0. Economically
we cannot recommend this type of expunditui~e ko protect about
70 homes and several small commercial establishments. It is
far more advantageous to consider purchasing the most flood
prone properties.

At present we are considering the purchase of 32 homes, all
located north of First Avenue. Detailed real estate estimates
have not been made but basud upon our estimates when the dike
was originally considered, the purchase of these homes along
with acquisition of all titles in this area would be between
1.25 and 1.5 million dollars. Detailed estimate- will. not be
undertaken until we get approval from the Chief (- Fn ineers.
This could be done during design stage.- The apr ,c are
following for the acquisition i-, rather uniaue and wtik limited
precedent. We are presently determining the benefits for the
proposal using methods which are new and non-traditional.

We plan to recommend this proposal as parz (-I an eniriti-muntally

enhancing plan where the B/C ratio may In l me inst:ires be less
than unity. Cost sharing or tL' part of non-Federal interests
will still be required and the proposal will reqnir,. ihe supoort
of the residents of Belmont. I believe thi, plan, if supported
and approved by Congress, is the maximum that we, the Corps of
Engineers, can offer to assist the resident: of Belmont with
their chronic flood problems.

Since the start of this study we have put considerable effort
into resolving Belmont's flood problems. Wi have met with
residents and officials on numerous occasions and have presented
several viable alternatives that would have solved the flooding
problems. The problem is difficult as protection for the Belmont
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Mr. Bergen/kc/519

NWPL-S I March 1979

Honorable Edward P. Beard

area by itself is not economically justifi.., Hopefully the
acquisition which we are considering will be acceptable to the
residents and will find support when the final report is
submitted this coming September.

Sincerely yours,

JOHN P. CHANDLER
Colonel, Corps of Engineers
Division Engineer

CF d 
QUINN

lion. Edward P. Beard
307 Post Office Annex PfYLE

Providence, RI 02903

BFiG FN

cc:

DAEN-CWZ-D
IGNAZIO

cc: BUhKF
Mr. Bergen
Mr. Quinn
Reading File CHANDLER
Plan Div File
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Providence Journal
Providence, RI
Feb 12 1979

'Belmont Park is warm
.to flood-plain proposal
Army engineers con- optin,, UK COrp n 

1°
O a '°'sidering buying entire awe po

s n bBut one resident complained that too
h emuch federal money has already beenneighborhood, but that Peesen' aig the tatere jacig leyOI oJ thrown away on useless Studies. Another,delegamie at R e meeting wP-B Jack RIJey Jeannette Del Padre, said that if themay take 5 years for Re ward P. Beard, ens Rly Cors. at the March 3 meeting. simply

for Sen. Clatborne Pell and Dave Gri says theyre ging to Study the problemBy DOUG CUMMING wold for Sen. John H. Chafee. sth3ubIu Steaff un Wflta, Riley suggested that federal acquisition some more, "Then they're going to have a; ml s w Riey uggstedtha feera!acqisiion lot of violent people on their hands."WARWICK - Belmont Park residents, would Lke four or five years to allow for Barbara Buler of 51 Ring Ave. blastedAngry about the years of flood-control pa- planning, appraisals and budgevnig.perwotk that did them no good in last Mayor Joseph Wait explaind to the idea that diking the area would not beMayr Jseh W; hex~edtothe "cost effective." She asked rhetoricaliv ifmonth's flood, reacted favorably to news congressional aides tfhat they were invited a preeti Se ase d o ifthat the A!Q*. P& LEngoLeers is con- because the residents do no" fee! that the preventing future floods would not besidering buying up the entire neighbor. Cotos is doing all t ca to help Belmont worth saving liveshood for a flood plain. Park, which is in the Norwood section. A :. Residents co7:,'sJied about tht smellBut hearing that such a plan would $60-million plan to divert toodwater un. left by oil and % or ,,, from the sewagetake at least another four or five years derground into Apponaug Cove was re- treatment pla." upc.rarm. Several saidseemed yet another blow tdthe 23 home- Jected by city and state officials in 1976 tiheir foundalon had , evn severely dam-owners who rnet with rcirv offiP, 'iSatur- as too costly. But Waist argued that the aged. Others a ' they were still pay-ing off loans for repairs from previousa to discuss their t ig prouiem. Cos should not have extended the Scope floods, and have lost the willpower p"I don't think anyone whr. lives in Bel- SO far beyond the problem in Belmont a d hve los The woer i-moat Park would willingly sell their Park. make further repairs The homes are im-homes, but what is the alternative? This possible to sell now. one woman said.is the question rve been asking for 10 
0 a syears," said Barbara Della Porta of 34 IN 1977, with local endorsement theSumner Ave. Corps said it would draw up a comnpro-rise plan involving construction of dikesin flood-prone areas and the raising of aAPPROXIMTELY 45 families be- proposed dam at Big River.tween First Avenue and the Pawtuxet A few months ago, the Corps tld cityRiver, left their homes 17 days ago when officials that the diking would not beelectric power was shut off and pumps "cost effective" according to a formulacould no longer keep the overflowing iv. the federal government uses to balance,er from filling basements, cost against benefits, Sokoloff said. TheyCity Planner Barbara Sokoloff, who re. sggested acquisition insteadcounted the 10-year history of the Army Walsh told the congressional aides thatCorp' involvement in the problem, told acquisition was an "end of the line" solo.the residents that the recent flood was es- tion that the residents were prepared totimated to be a 25-year high point, using_.ological averages. &Wepd tha out of frustrat on. He suggelt-

Tne meeting at the Police Station com. d that the state's congressmen shouldmunity mor was held so that residents
could express their feelings about the pro.
Posed acquisition before the Army engi.
neers meet with the reidents March 3 todisu, that and Other proposals, Sokoloffsaid. 
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Beard backs $7-million
dike to protect property,

vaflued at $1.5 million
WAR)NICK -Rep Edward p. Buird, CM-', Piure!Y i'conoltc andlysis for ill-,

picking up the splra. or a meeting vester. nr, , the burTar .' ement Invo veil. '-I&
dayi bet'Aeen 'Ar'my C--orps of Eng~ers hir-. &to y of flooding tat
officials and angry residents of flood. has . ii Trudd i' class residents thou-
PrOn*! Bmotlt Park, proposed fedleral sands -" i me repairs. The Corps' study
!tgisa4uoc to protect the neighborhood began in 1969 beause of the Belmont
with a S7-mullion dike. Pairk pnmblem. but exoanded onto a much

Beard. after bstening for about two %0der $594-million nrqv'.il. which was
hours to a problem that the r')rp, hIas rejected !loca1!1, !Ocr Iuse of the cost. Two
oten studNInR for 10 ypars. saidI that he Years a~o. when I",e dike would have
would immediately draft a bi'll for a dike onlv cost $3 r'illion. that plan was
8i01ong the Pawtuxet River in Belmont scrapped by the Corps as riot bDerig o-ost
Park. In addition, he said he w0ot~l sek effective.
letters from residents. phtotographs of.
past flooding lad, :f necessary. a busload WLS ALOciiiethCos o
of the flood )ncflins for Lie benefit of WALSH ALS cr~t'inceoud thefr
House COmmiEWe nearngs in Washing. planing~ a I 'twj\ukli oC aroundh
ton. arwckIdn "ar bf yo et ondo

The Corps' proposal. Presented by enkii. 2& pe'ertnLA; lxn us you'ret1 lookin for
niar Larry Bergen at the Public meeting th e tat ark iLl sntave yo10 i m ~on o
at Aldrich Junior Hligh School. was differ. te t rial hos sI'lls bsae weuIe mnt
ent from Beard's Bergen said tha3t the e o l hs lde, w'eln
Corps with local approval, would buy goinwoo i," Wlhir:a'. r
Out 33 fanilies north of First Avenue and Mreanwhile, Wou Ld ~ 'tl o
raise that road by about two feet to pro. ott Oca I WOr l S 11ar'r %kii
tect residents on the other side of First out o a~ lt!o spitingr !!:cs
Avenue. 0 Rica (A Qwonn eriO i-v rfo

The cost of creating this nine-block ihdF unal. -,g!erfo
flood plain would be about 51.5 rnillhor.. th Crps, said tha: tthe rajing of F:'-st
he said. Avenue bv lwo feet i-_-p)ed .vi:h Im ex.

Ira two 1wee f ic I 'A hch w t e
'storee hy tP~ vrt,-2, rzIr, tjv~r lJesm-

SOME 58 RESIDENTS hooted their diS- .o~r pril!et tl .~ . south p,
approval as soon Aa theN- heard this pan. First An eq!,P four 'ln, 'P* uo
Those livting south of Frst Avrt"!. which than tile had durrtk he .4 fr lood
was about half o' those presprt. said their But !i CrO'kln of 7'4 Sunir"- "st sa~d
problems would not be w~lsed by the that the raising Of First Avenue wouldn't
plai. Those living north of First Avenue do anything but keep the water in his
complained that the movIng date of t!184 Yard. since the water gets there in the
or 1985 was too far off firstplace by underground seepage.

"Well he dead and tlined by then.- Othiers pointed out that the Hig River
one elderly, lady CAPled out. 'Forget It," Reservoir prolect. %slich QvzL-n said
Said another. might be ready sometime he'.w~n 1OSR

Bergen explained Liat the Corps is And 1990, may never he completed be.
limited by guidelines that say costs must cause voters have continual'y rrieced the
be itted by hetiefi'L A I'lan to build idea !n bond referendai.
dikes along the riyer in flemiotit Park - L . .
the idea E!eard said he !. -sue - W'as RPEETThSf- h fie
studied hv ti-e Corps hegining in 1977, RPISNANSfn h fie

but he 7 f. Ilon ost%4 j) mchun- Of Gove'rtor Garrsl'v Sen Ctaiborrie Peil.
der the gulsicli-irs for prulect~ng SI S. SnJ ~feer -~, rjdS
million %aorth ot real e,:,.',, !4e'g,'n %i, Ge-i ti Are a'so ji ,e 'in neting

.Simiir'v. 9ergen sa:d lie c; ,ilt ib'nk .h, to. kdh ex;s'ii heed a', he loun-
he could get a~'prnvai on a pn;%Aj~ toin a r.I. s w ic :.N ine eda ithe mn-

-w res a rni'eth 1 3 htv In down o Washington andl het'g !al~er out

fy." he' said frd wo nm tko qevtt~
Md~or J,)spo)h Walsh Titiaiim l e Beard jiio a' 'p~\,f
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April 11, 1979

Colonel John P. Chandler
Army Corps of Engineers
424 Trapelo Road
Waltham, Mass., 02154

Dear Colonel Chandler:

Enclosed is the petition requested by Mr.Quinn at the meeting

held at Aldrich Junior High School in March regarding the Corps' latest

proposal for acquisition of the homes in Belmont Park. I would like to

know whether the Corps has made a decision on the question of including

any of the homes on the south side of First Avenue in their acquisition

plans, and also if they are going to continue the survey of the damages

incurred by all the residents of the area.

Thank you for your continued support on our behalf.

Sincerely yours,

Mrs. Barbara L. Della Porta
34 Sumner Avenue
Warwick, R. 1., 02888

Enclosure
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March 12, 1979

Colonel John P. Chandler
Corps of Army Engineers
424 Trapelo Road

Waltham, Mass., 02154

Dear Colonel Chandler:

We, the residents of the Belmont Park section of Warwir-  Rhode Island, do her,by , iv- )Iu
approval of the Corps' plan for acquisition of our hono.-i if building a dike to pr tect our
neighborhood is not feasible any longer. We urge the Corps to speed up the time involved
in this plan because we are still unprotected from the ravages of the Pawtuxet River.
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Colonel John P. Chandler March 12, 1979 Page 2
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Provic.-ice, R. I.
January 29, 1980

Colonel Max B. Scheider, Division Engineer
U. S. Army Corps of Engineers
424 Trapelo Road
Waltham, Massachusetts 02154

Dear Colonel Scheider:

It is my understanding that the Washington office of
the Corps has given the New England Division two options
relative to the proposed acquisition project in the Norwoo7-
Belmont area of Warwick.

1. To include it in the report on the Big River
Reservoir Project.

2. To submit it to the Small Projects Section of the
Washington office of the Corps.

Since the first option will take a great deal of time,
I trust that the second option will be pursued. Even if this
is followed at the standard rate, it may be two to three years
before the first house in this area is actually purchased.
This time frame is totally unacceptable. The people in this
section of Warwick have been suffering with flood conditions
for many years and the Army Corps of Engineers has been stu'y-
ing the problem for well over ten years.

It seems to me that the time for action is at hand. Since
the Washington office of the Corps has already approved the
basic concept of acquisition, I would respectfully request
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Colonel Max B. Scheider, Division Engineer
Page 2
January 29, 1980

that this project be given the greatest possible priority
and that all necessary resources be directed toward execu-
ting the $2.2 million acquisition plan as quickly as pos-
sible.

Kindly send all correspondence in this matter to my
Providence office.

Sincerely,

Edward P. Beard
Member of Congress

EPB:na
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YLa Ior ,omo,.ent:t o_ - :ion would consist. of intake and outlet
-;;. intert nuted : Ic' , undergrotind ; unnel (as shown on the

prul:i.le on -late 9 of ,.,. origial hydrologir analysis). Similarly, the
01 2r:i.;n intake works, PIat. 1f, would be composed of two new concrete
,tructr--'. elements consis trig o." an intake [.let and a regulating dam
to e iocaited about 100 fermi downstream of the intake inlet or 200 feet
from the u-ft:ting N:itick Pond Dam. The intake works (section shown on
Pla~e 12) woiLd conist of an in,"erted trumpet shaped weir, commonly
r'eferr,-l to as a "morning glory spilL.;ay-" having an effective crest
length oZ ',i0 feet and its !p Ocrest) it elevation 38.0 feet, mean sea
levol (isi', or approxmately 10 feet above the existing riverbed. Its
7.ia.Amum diameter measured cIcross the crest woIuld be about 77 feet,

tapering to tha final 1-unnel diameter at the transition point. See
elates 10, 11 and 12 of the iniitial hydrol .gic analysis reports for
pertinent in, .rmation.

The regulating dam would act as a control structure. It would consist

o'_ an overflow weir, a non-overflow structure and an emergency spillway.
Tihe wr!"r section, ogee in shape and hav.ng its crest at ele ation 48.0
'n, :,mr;'-. , would meavure 115 .eet in length, The non-overflow section,
30 f'.-et .n iength anf! located northerly of and 3 feet higher than the
eve rlow w3lr, wc-ild conta!n two 8 feet by 8 feet sluice gates for

,-ontrol [tw octavat T;wuxer Tiver lovso A small spillway channel 65
Uiell In length and letgzatc4 n,-ea'et to lte structure at approximately

:-tLon 0 eet, Arsl, would ;:' a a relief valve to pass excess river
h:,'hig in extreme emerge.:cy. Tats condition would only occur
fte - N ,iirersion-t:annel and te overflow wei: have enceeded their

;< .stl_. *: '. D .. tcd 100 Oet apstream ot the "ntake and having

-i -..i... . nc o,1 4 38ti feet, ms1, would remain intact. From field
, i a- vear3 struct:-rally sound, but could te modified at a

" ... i final design st,,ge if further detailed studies
:1Al. e' to ds :,. An artist ;:eadit~on of the intake works is

,.;r(.n e olowing page.

The faib-,ae hlnue-.. las show, on Plate± 9), connecting the intake and
ourlet wok: in a on rly Ctraight 2.5 miles (1.3,200 feet) southeasterly

'i. . w.vt,< t-:ee'.-e ':h bedr:ic% and would bave a finished
.. ad di "te[ ,qtiA. Uo h.t di . sidered alternative. A typical

-: t,.nuc"l is *i3h',u 1U, in the original hydrologic. analysis. This
-iZ,.t tor .an- ,,d ,ons1.& o a .2.-11ch reinforced cc acrete lining,

--bo.ted ;j i:Le unisi~cd :k walbs. The tunnel Invert (floor
--J) at the intake shaft w:.1 fe -7' beet, msl, an.l will slope at

0.010" 'lot per foot to elevtio, .- 210 f ceti. ms!, at ti .M outlet works.
W t t :! , i .ga ds( cay:;.: '00 cf.s -,d a Manning " "n'" value of

0.015 as rouj1 ,.ass c:)e[[i _t, the vcl.)city of flow In the tunnel will
be 18 iet pe-r second (%Aps).
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Th.; !tlet works, Plate I1, with an artist rendition shown, will be
located on lands off Stiton St-r oe which runs nearly parallel to, and
about 100 feet west of " e Conail Boston to New York main line railroad
tracks in the vIcinity ot 'pponaug Cove in Warwick. At this point, the
Pawtuxet River fLood waters will be dispersed into the Cove. The outlet
structure, Plate 12, would be a reverse "morning glory" spillway, atop
the selected tunnel's vertical shaft, transitioning to a 114-foot
horizontal width concrete apron. By placing a concrete wall around the
"morning glory", floodwater flows leaving the outlet shaft would be
directed toward the existing Federal naviation channel. The length of
the enclosing wall would be about 260 feet with top elevation at 12

feet, msl.

The bottom of Apponaug Cove would be protected from excessive scour or
the erosive effect of flows over the spillway by an armor stone apron
extending along the bottom 100 feet by an ar:,tr stone apron extending
along the bottom 100 feet outward from the spillway. The outlet end
sill will be at elevation -4 feet, msl, and equipped with a stoplog
structure to permit or facilitate dewatering (pumping out) the tunnel
for periodic inspection and maintenance. Under design discharge
conditions, and for all tides below approximately +10 feet, msl, 90 foot
clear span openings between the piers of the stoplog structure at the
end sill of the outlet will be the hydraulic control.

Outlet discharges from the diversion tunnel will flow through Apponaug
Cove for a distance of approximately 4,500 feet, thence to Narraganset
Bay via Greenwich Bay. As analyzed, the hydraulic head loss
representing the energy losses throughout the length of the cove would
be a mlcimum with diversion during low tide. Therefore, the hydraulic
effe-ts of t-he Natick Diversion upon the cove would be minimal under low

tide (mean Jow water) conditions and negligible under spring tides and a
10-year =rc-q o- v tide (one having a 10 percent chance of occurring in
any one gi:n year)° Hydraulic head loss and maximum velocity in the
navigation chan-l through the cove for different tides and diversion
rates are li6ted ia Table 4-1.

The effects of three diversion rates in conjunction with three tidal
events are demonstrated in Figure 4-1 preceding Table 4-1. The
following paragraphs describe the relationship of a mean low water
condition to various diversion rates along the center line of the
Apponaug Cove navigational channel.

The increase In water surfaces at the outlet channel (Station 3+30)
would he a maximum of 3,0 feet with a diversion rate of 13,000 cfs.
This water surface level would remain almost: constant for a distance of
1,480 feet outward (Station 18+30), then taper off to mean low water

eluv~itt,n within a distance of 2,520 feet (Station 43+50)° With the
remain~ng two diversion ratcs;, changes In water surface levels would
orecir within the same limits it increased levels at the outlet works
wntuld be 1.5 feet for 8,000 cfs flow and 0.4 feet for 3,000 cfs.
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The analysis indicates tYi,: for the othe: two conditions shown, namely
the spring tide and 10-yea frequency tide t:%ents (See Figure 4-1);
various diversion rates h. e insignificant effect on the cove.

With the design flow of 13,O0 cfs, the velocity in the vertical shaft

will be approximately 18 fps. Water surface at the top of the shaft
would rise to near the energy gradient of +10 feet, msl, and then drop

to about critical depth elevation of +6 feet, msl, through the piers on

the outlet sill. A critical depth of 9 feet with velocities of 19 fps
would occur through these piers. Head loss through the outlet structure,

itncluding one velocity head loss, was est4aated to be approximately 7

feet.

The operation of the diversion would be accompli, hed as follows:

During normal river flows, the sluice gates in the non-overflow section

of the regulating dam would remain open to per;, passage of normal

Pawtuxet River flows past the project. When a flood stage becomes

imminent, the sluice gates would be closed allowing water to build up

behind the regulation dam. When this water level reaches an elevation

of 38.0 feet, mean sea level, it would spill into the morning glory

spillway and be diverted into Apponaug Cove via the tunnel.

Should the Pawtuxet River flood flow exceed the diversion capacity the

water level behind the regulating dam w ld rise until it flows over the

overflow section of the regulating dam and continnes downstream along

the Pawtuxet Ricer. The emergency spillway of the regulating dam is
prnvtded to pass 'lows o-:,ieeding the ocapacity of the overflow section

shoutl this rare event be exceeded.

The diversion wiitld operate on the principle of an inverted siphon with

the outlet tnau-.[ anid a portiou of the intake shaft. inundated with salt

water. flowev,,v F'-Aer no circumstances could salt water intrude the

fresh water , :..'- Pawtuxet River. Provisions would be made for

co:itinu.-i wLti a,.'l of this salt water by pumping to prevent anaerobic

condit!.ons and/or the occurrence of hydrogen sulfide gas.

Geotechnical Features - Surfi .ai and subsurface investigations were

conducted to determine general foundation conditions, such as extent and

type of overburden, depths to and types of bedrock at grade and levels

of subsurfacewater. Foundation explorations c.onsISted of four core

borings and a seismic survey tor the tunnel alignment.

Exploratiuns involring the divcr3lon component were performec? primarily

to def-ne the depths to and type of bedrock at tunnel grade and to
obtain norc samples for determination of rock quality shown on Plate
4-1. These investigations consisted of four core borings along the

4- 4
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tunnel axiq and a seismic survey for a selected area. The seismic

survey was performed in the saddle alung the alignment about 500 feet

downstream (southeasterly) from the Intake structure and adjacent to the

railroad tracks, to -'>terldnv depths of bedrock or minimum rock cover

above the tunnel crown this location. The maximum rock cover above

the tunnel crown is appzoximately 255 feet occurring near the Rhode

Island Junior College, with a minimum of about 50 feet at the previously

mentioned railroad tracks. Exclusive of the first 800 feet from the

intake where the minimum amount of clearance between the tunnel crown

and ground surface approximates 70 feet, there are no otber points with

less than 130 feet of vertical clearance.

All structures inclusive of tunnel would be either constructed or

anchored in rock. The tunnel is considered to cross four major rock

formations with their physical properties and structural characteristics

described in Table 4-2. They are the Quinville Quartizite, a micaceous

quartzite part of either the Quineville o the Mussey Brook Schist, the

Cowsett Granite, and the Rhode Island Formation. As the exact locations

of the contacts are unknown, assumed contacts are based on interpre-

tations of data from core borings, literature survey and existing maps.
The section of the tunnel at the outlet end of the alignment passes

beneath the margin of a buried valley which is assumed to deepen east-

ward toward Apponaug Cove.

All boreholes, except one, were pressure tested to determine inflow

characteristics for future construction purposes. Core rock samples

from each of the borings were classified and laboratory tested for

strength and other properties to evaluate general tunneling and foun-

dation characteristics. Tests included unconfined compressive strength

testing of representative cores, RQD determinations and sling friction

tests for a natural and sawed joint on samples-at tunnel grade drom
boring FD-4. Overburden samples were also examined and visually

classified to detzrmiae soil characteristi s above the tunnel and at

shaft iocations, The test results equated to the rock formations are

shown on T~hI@ 4-2.

Subsurface water occurs i n the overburden and in rock. The level of the

water table generally va-ies at shallow depth in the ground with the

ground topography tending to rise under the hills and drop in valleys.

Where the water table intersects the ground surface, springs and swamps

may form. Except at the outle end of the alignment, the greater part

of the tunnel will be o ;erlain by rock with a thin overburden cover. In

this situation the occurrence of the groundwater in the rock will vary
with the permeability of weathered and fractured zones. At the outlet

end, the thickness of overburden gradually exceeds the thickness or rock

above the tunnel. The overburden Is permeable and would be saturated to

sea level. Ground water in the rock would be in open joints and

weathered zones.

4--9
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As pressurei tests of the boi ulhes In!-!:ato tu. t the rock is tight,
heavy seepn:a is e'.-.,:t.! .o oct.ur ony' ir io -. zoe(-;. The methods of
controling seepage dtit'ig construct,.n wi-,le be moderate and would depend
upon the rate of inflow at rarticular rock strurfturr.

Any deep rock wells along the alignment an.. closely adjacent to it could

be affected by the tunnel drawing dow-n the water table during construc-
tion, and alternative sources of water would have to be provided should it

be determined in the advanced design stage that, contrary to current
finditngs, private well systems exist fn the area. With the present

design, after construction, salt or brackish water from Apponaug Cove
would be free to fill the tunnel through the outlet structure. A water

tight lining will be required to reduce thc contamination of the ground

water.

On the basis of preliminary subsurface explorations and testing, the

Natick Diversion project appears practical based on geologic

considerations. The foundation conditionn for the structures, shafts

and tunnel generally are adequate although problem conditions in the
rock can be enpected in local zones, and will be explored in further
detail during detailed design. Unanticipated conditlens should be

limited and would require minor designs for corrective structural

measures during construction appropriate to their severity.

A major portion of: the Quinville Quartzite Fcrmation and the Cowesett
Granite showed preliminary strength and durability characteristics of a
quality indicating that should a machined tunnel (mole) be utilized for

excavation, the tunnel could probably be left unlined and provided a
strucrtral sound, smooth Interior shape. Current studies Indicate

machine tunneling methods could be used throughout the tunnel with
apprn-6¢i.a~!- 57 percent of the tennel requiring a light steel support
and a fOrre:1 -.concrete lining to provide asmooth hydraulic surface.
However, th considerations of the economics of construction and design

including the uncertainty as to the. avai!ablity of a proper mole
diameter and the potential requirements for containing brackish or salt
water in the tunnel pre!' ded, at thi. otage of the study, the

practicality of such a method.

Real Estate Acquisition - One home t.- be purchased outright is located

at the intake works. In addition, a wood frame fisherman's shack
includinf a :ood timber bulkhead sea wall will be purchased at the

outlet works lo!:ation.

Permanent subsurtace easement- will be required to construct the tunnel
,under 50 parcels of land of which 35 are privately held and ]5 under

public domain, currently controlled at various locations by the city of

Warwick and the State of "'ode island.
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Tunnel alignment woull tta!ly or pa:tially beneath 2 commercial, 6
residential and 4 put.i uV'igs. As shown on Plate 4-1, the minimum
amount of vertical clea '. )t_-eeu the tunnel crown and ground surface
would approximate 70 fe n o-urring with 800 feet of the intake works
with the remaining port i being no less than 130 feet of vertical
lea-aiice. As the tunn is over 200 feet, bel(c ground level, the

emount of damages for t Oeep subsurface easements woul.d be nominal.
The estimated easement Lues are based on the assumption that
construction methods of :unnelling will be of thF blasting magnitude
that would not adversell affect surface cr near c:urface ia-ground
improvements.

Temporary easements, as pruvision for providiptg space for the storage
of materials, equipment nd contractor's work area during construction,
would also be required. Required acreage has been selected at owner-
ships that are unimprovc lands but still cot.-guous to the proposed
permanent easement areas Cost of temporary easement are predicated
upon a fair return of invested capital (fair market value) and a
provision for estimated economic tax for the use of the land during the
construction period. Temporary easements would involve 2.56 acres
located in West Warwick and 2.8 acres in Warwick.

Tunnel alignment would proceed beneath a fairly high-density mixed-use
area. Preliminary investigations indicate that after the imposition of
the easements, the highest and best use of all the properties affected
by this proposed acquisition tunnel program will qot be materially
af.cted. However, it is historically known that the mere knowledge and
existence of the imposition inifers a restrictive aspect of a perpetual
cloud on the title which runs with the property. Affected lands (1.00
acres) at the diversion outlet aire currently '%acant under a single
ownership and front along Apponaug Cove in a generally commercial,
industria. arei .Ylfh some waterf-ont recrational ucLs nearby.

The outlet woi.i be located in the most marshy low part of the land and
alth:i. it is locally zoned for industrial use by the city, it is
classiied as lying in a hurricane ,n-ger -nr-, ithich requires all
buildings to be built 14 fee- above uiio Coustruction in coastal areas
is governed by rules and rtguiations of the local government. Coastal
development is also regulated by the State Coastal Resources Management
Council for environmental pvi: ection. Tn aitttion to land acquisition,
a small fisherman's shack a. nreviously stated, with an .old wood timber
sea wall whiclh occupies ti]e ,ucutherly; end of the property would be
,.cquired ti fee.

At the intake works of the diversioii, the affected fee land '0.98 acres)
in ''.; t.arwick is under a single ownership and locally zoiii.d for
tndqlrial res. It contaiti; ->e foundation ruins of a razed mill with

4.-8



a'-indoned tailrce r:,centl filled with random earth fill. Land i'
currently vacant and p 'i tlv overgrown with second growth trees with a
section presently used ,r storing junk vehicles and related parts. On
the Warwick side of the ivef., or the south bank, the land area (0.82
acres) is steeply sloped and wooded, consisting mostly of vacant
residential lots owned in part by the city of Warwick and in part by two
private owner-. The land is presently unimprovred residential lots with
the exception of one older existing dwelling along the ridge line. As
stated in a proceeding paragraph, this is the only dwelling within the
intake area that would be purchased.

A total of 43 ownerships, inclusive of one improvement, at a cost of
$102,400 is in conjunction with the Nati:k Dirersion.

ro provide for possible appreciation of pro., rty values from the time of
this acquisition date, for possible minor p.,perty line adjustments or
for additional hiden ownerships which may bc developed by refinement of
taking lines, for adverse condemnation awards and to allow for practical
and realistic negotiations, a contingency allowance of 20 percent has
been considered to be a reasonably adequate.

j

Total cost of lands and damages involving lands in fee and improvements,
permanent and temporary construction easements, severance damages,
relocation assistauce and acquisition cost-s including contingencies for
possible apprecltatioa of property value are estimated at $380,800.
These costs are summarized in Tal'e 4-3 by category.

1Riht-of-Ways The right-of-ways for the diversicn intake works would
invol :e tle land- substantially ]o ,ated between Water treet in West
Warwick m. 7 O'Donnf-_i. Street in Oarwlck, 7 th an easte- ly limit
beginniui.- 7't-ck Dam I-r Warwick and a line jogging iii an easterly
direct! Vz.,ii-dence itr et bridge in West Warwick, from which an
east,-. _., mi. li.::.tance would approximate 400 feet. Involved
r-,, inof-w -i s for the outlet work. would be a triangular shaped
a i located easterly co. the ConRail Boston to New York main line
ra-ilroad tracks and Apponatig Cove_ The base . f the triangle would be
perpendicular to the tra;cks and about 180 feet in length with its
height, measured along a parallel course with the tracks, being about
300 feet. Permanent sursurface .easements for tunnel alignment on 50
parcels of lands, of whih '5 are private ield and 15 under public
domain, wouL complement the reviired right-ot-ways for operation and
maintenance of the diversion project,

At the intake works, lands on the northerl; bank in West WPrwick are
zone! for industrial use w th tho.se on the southerly bank Jn Warwick
cias~tfied as residential with size, shape, topography and 3ocation pr-
clud.ng any other usage. >'* lend at the outijet at Apponaug Cove is
zoned as industrial with wa.L front recreqtirnal value but subject to
tidat flooding.

4-(;
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TABLE 4-3

N&T2ICK DIVERSION

LANDS AND DAMAGES

TOTAL COSTS

NATICK
DIVERSION

Lands and Improvements (Fee/Permanent Easement) $ 116,700

Temporary Construction Easeme-its 80,300

Severance Damages

Acquisition Costs 102,400

Relocation Assistance Costs 16,500

Contingencies 64,900

TOTAL LANDS AND DAMAGES COSTS $ 380,800
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Access to the intake works would be provided via Water Street, currently
an existing unpaved right-of-wiay along the northerl.y bank in West
Warwick. The opposite -rsoutherly bank consisting of a steeply sloped
and wooded area in Warwick can be reached by a two-lane paved road
running parallel to the river bank and currently known as O'Donnell
Avenue. At the outlet works, access would be via a narrow unpaved
gravel public right-of-way (Station Street), which terminates at
Apponaug Cove. As access to the project area can be provided via public
ways, additional right-of-way lands are considered minimal, if any.

Loss of Taxes Discussions with local assessors and a review of the
community records indicate the tax loss on fee simple taking, as a
result of the project, would be about $4400 per annum.

Construction Period I~t is envisioned that the Natick Diversion would be
constructed in three general stages, the fi~st phase being the sinking
of the outlet shaft and tunnel excavation including the reinforced
concrete lining. Work would be performed around the clock accommodating
3-8 hour shifts, 6 days per week. This phase will run for the first
three consecutive years into the fourth.

The following phase would be the sinking of the inlet shaft along with
simultaneous construction of above ground structures at the outlet. The
last stage would involve the construction of the intake works. Work for
these last two phases woul~d be scheduled for 1-8 hour shift, 5 days per
week. By maintaining a tight work schedule with overlap into
construction stages, total construction could be effectively completed
within a four-year construction period.

Operation and Maintenance As three communities, namely, the town of
West Warwick and the cities of Cranston and Warwick would benefit from
the Natick fivers~on, the project is considered regional in nature and
would b,- tot,-'Lty Federally funded under the current legislated policy.

Consequently, the cost for operation and maintenance (about $115,000
annually) including all related functions such as necessary flood
control operations and collection of hydrological data would be borne by
the Federal Government. Costs of dewatering the tunnel periodically for
inspection purposes would also be a Federal cost.

Major Replacements This world Include an allowance for project items
deemed to have a usable life less than that of the project. Major items
considered within this purview included sluice gates at thle diversion
intake of gravity outlets. From previous experience with similar
projects, it is assumed that, on the average, major replacements would
occur every 25 years and 90 percent of these replacement. items would be
required. These are estimAted to he $1,200 for the diversion.



Beautification and Recreation ihe plan would Insure that all projtcc com-
ponents be as visually ;-oceprable as possible with inclusion of beautification
and landscaping measure he lig an integral part of the selected plan.

Recreational opportunities asso.iated with the Natick Diversion project are
ettler non-existent or sparsely limited. The only potentially suitable
accommodation would be a sightseeing area overlooking the intake structure.
This potential and any other recreational features which subsequently surface

would be explored in the final design stage.

All intake and outlet structures including associated features such as log
boom, gate structure, operator's quarters and maintenance quarters would be
designed to provide architectural compatibility with the surrounding area.

EFFECTS ON FLOOD DAMAGES

Because of the nature of this structural element, a very high degree of
protection can be afforded by the diversion to downstream areas. This degree
of protection is dependent upon the diameter of the tunnel (regulates the
amount of transfer of floodwaters out of the basin and into Apponaug Cove)
and the location of the damage area (the farther downstream the greater the
amount of uncontrolled drainage entering the river and the greater the effect

of potential hurricane tides). The following table illustrates the relative
effectiveness of the various sized diversion tunnels on all downstream zones.
The figures repre;ent only residual losses to structures present when the
damage survey was completed in 1972 with all prices updated to September 1978
dollars. The figures do not reflect any growth.

ZONE ZONE ZONE ZONE ZONE
4 5 6 7 8 TOTALS

21' dia Benefits 119,560 99,980 32,760 147,650 196,820 $596,770

Roei, -on .i .82 .58 .60 .48

27' elia Benefits 172,790 115,380 36,270 152,910 207,740 $685,080
Percent
Reduction .97 .94 .65 .62 .51

30' dia Betiefits 175,560 120, 130 36,270 154,760 208,950 $695,670
Perc ent
Reduct ion .98 .98 .65 .63 .51

33" dia Benefits 176,490 121,460 36,270 154,950 213,930 $703,100
Percent
Reduction .99 q9 .65 .63 .52

Table 4-' shows the stage r,.:.'tion in feet: for each of 'he five zones down-
gtream of the di. ersion of L :o theoretical !lood events, the five percent,
orint dercent andi the two-tenths ,or,nt. The March J96S tlood event on the
Pawtiixpt 1F more frequent than the five percent storm.
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TABLE 4-4

STAGE REDUCTIONS FROM VARIOUS
SIZED NATICK DIVERSION TUNNELS

AT SPECIFIC FLOOD EVENTS

ZONE 21' dla 27' dia 30' dia 33' dia

4 2.9 2.9 2.9 2.9
5% Chance

5 2.9 2.9 2.9 2.9
of

6 1.4 1.4 1.4 1.4
Occurrence

7 1.4 1.4 1.4 1.4

8 1.1 1.1 1.1 1.1

4 4.3 4.3 4.3 4.3
1% Chance

5 4.0 4.0 4.0 4.0
of

6 2.4 2.4 2.4 2.4
Occurrence

7 2.6 2.6 2.6 2.6

8 1.0 10 1.0 1.0

4 2.8 6.3 6.9 7.4
.2% Chauze

5 3.2 7.0 7.2 7.6
of

6 3.1 5.2 6.0 6.0
Occurrence

7 1.6 3.0 3.8 3.8

8 0.9 1.9 2.6 2.1
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ECONOMICS OF ;!4E liNu.E PURPOSTE NATICK DIVERSION PLAN
CO'A CHARWG,,

FIRST COSTS AND PROJECT i2,.:TMTT

Detailed estimates of the constrution and asso'.iared costs for the plan
are summarized by item category in Table 4-5. Applied unit prices are
based on average bid prices for similar work in the geographical area
and reflect 30 June 1976 price levels, with totals updated to September
1978. Based on previous exoerience with similar projects the
application of a 20 percent :;oitingency !-actor on all items, exclusive
of rock excavation costs tareu t5 percent, wal considered to be
sufficiently adequate for t'!tq type of study. The overhead rates of 5.5
percent each for engineeri..- aad design, :.-rd ior supervision and
admnistration are based upon e:xperience, luio.- edge, and comarison with
similar projects and studies within this Di. Aon. Costs for lands and
damages were derived on Page 4-7.

The project investment is ,hown below and was determined by applying the
Federal interest rate of 6 and 5/8 percent during construction for
one-half of the estimated consitu.' !.,.)c period of fcur years. All costs
have been updated tc r!Liect September 1978 price levels,

Projie t 1 lnrestmet

Ilat io k
Diversi on

Pr o e:- r. c:! 7, 8 G0, 0 W

Inter-4 7'.h irlng Constructi. i. 7 t,58 ,500

65,458,500

ANNU.L CIAR S

The average annuaI chargu. on 1 - ari <, d or. a ,apitai recovery
factor reflectiig an fnt ,c : : rate ot 6 'no 5;8 percent with
amortization over a 10f)--ye-tr life 0l -he prcje, for the Federal
investment. Included in the annual. c-arges aro al.lowat!;,es t:or operation
and maintenance, major repiacer.en, and , oI ta-es on lan,;.

Annual Charge!,

Interest and Au; rtiia.,ini 4,'143,000
Operation and Maintenanme 13,00n
Major Replacemen ti 1,209
Loss of Taxes on Lai' 80f

TOTAL (Ron:ndeu 4,458,00(-



TABLE 4-5

PROJECT COST OF STRUCTURAL
ELEMENT OF THE

NATICK DIVERSION (30' DIA.)

UNIT
qUANTITY COST TOTAL COST

Preparation of Site I L.S. $ 2,120,000
Stream Control I L.S. 2,075,000
Dredging 14,500 11.60 168,200
Earth Exc. (Common) 12,000 4.40 52,800
Rock Ex. (Common) 6,000 16.80 100,800
Rock Exc. (Tunnel & Shaft) 420,000 53.60 22,512,000
Rock Slope Protection 4,400 17.50 77,000
Gravel Bedding 4,000 7.70 30,800
Compacted Gravel Fill 1,500 7.50 11,250
Reinforced Concrete

1. Diversion Dam 1,700 90.00 153,000
2. Diversion Intake 2,400 192.00 460,800
3. Diversion Outlet 3,800 200.00 760,000
4. Tunnel Lining 72,000 6*2.00 4,464,000

Shotcrete 13,000 6.30 81,900
Cement 538,000 3.10 1,667,800
Reinforcing Steel 4,548,000 0.50 285,000
Tunnel Bracing & Mine Ties 9,000 0.90 8,100
Water Stops 600 11.60 6,960
Bituminous Conc. Pavement 1,500 4.10 6,150
Cable Guard Rail 500 11.60 5,800
6' Security C.L. Vence 1,000 8.00 8,000
Two - 8'x8' Sluice Gates I L.S. 57,000
Stop Log Barrier 1 L.S. 5,000
T-innel Ven[1 ition 1 L.S. 226,000
Landscaping 1 L.S. 28,000

SUBTOTAL $37,645,000
Contingencies (17.2%- Composite) 6,500,000
SUBTOTAL $44,145,000
Engineering & Design (5.5%+) 2,242,000
Supervison & Administration (5.5%+) 2,242,000

TOTAL CONSTRUCTION COSTS $48,629,000
Lands and Improvements
(Fee/Permanent Easements) 98,200

Temporary Construction Easements 67,500
Acquisition Costs 86,000
Relocation Assistance Costs 13,800
Contingencies 54,800

TOTAL LANDS & DAMAGES 320,000
TOTAL COST $48,949,000

updated to September 1978 dollars $57,270,330
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BASIC BENEFITS

Natick Diversion provides flood protection to all downstream zones in
varying degrees. With the basin experiencing a rapid growth both within
the flood plain and outside of it, flood discharge frequencies, as
explained in Appendix 1, are expected to increase 10 percent between the
initiation of the study (1972) and 1990, and another 10 percent between
1990 and 2020. All damages and benefits, updated to September 1978
price levels, reflect the level of development present in the watershed
for mid-1972. An example of the effect of urbanization on existing
damages is shown on Plate 4-2.

Flood damage reductton benefits were derived as the difference between
flood damages without the project in each reach of river to be affected
and those that would remain with the project in operation.

At the time of the original preparation of this section, 1985 was taken
as the base year for benefit analysis. Benefits were computed for 1985,
1990 and 2020 reflecting the changes in the loss potential to be
expected with time. Values for 1990 ad 2020 were brought back to
current values by present worth methods using an interest rate of 6 and
5/8 percent.

Table 4-6 shows the average annual damages, annual benefits to the
Natick Diversion and the annual losses remaining with project
implementation for each of the five main impacted zones. All
urbanf-,ation effects are included for the 1972 scale of development.

FUTURE GROWTH BEFORE PROJECT COMPLETION (1972-1985)

From the date of the initial damage survey (1972) to original prepa-
ration of the initial draft survey report (Oct 1976) numerous new structures
had been built in the flood plain. Many have first floor elevations
below the hundred year flood limits. During that referenced period
including the interval up to the present, the growth rate has exceeded
that cited in Appendix 1.

The losses to these structures, those being built in the flood plains
today, as well as those contemplated in the future were derived using

the methodology explained in Appendix 7, "Economics." However, because
of the greater protected area afforded by the diversion, considerable
more effort went into determining the appropriate benefits and losses.

It then became necessary to determine where the growth could occur for
each of the three major land use categories (residential, commercial,
industrial). Table 4-7 represents the available land within the
mainstem Pawtuxet River. It f;hows that there are only 53 acres of
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TABLE 4-6

AVERAGE ANNUAL LOSSES
AND BENEFITS

1972 Scale of Development -- September 1978 Price Level

Total Benefits to Residual
Location Annual Damages 'in Ft. Diversion Losses

Zone 4 297,000 290,600 6,400

Zone 5 183,500 171,800 11,700

Zone 6 98,500 66,300 32,200

Zone 7 469,000 302,000 167,000

Zone 8 564,400 300,40026,0

TOTAL $ 1,612,400 $ 1,131,100 $481,300
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commercial land available for development, 24 of which are located in
the floodway. At the calculated growth rate, this land, exclusive of
the flooding will be saturated within 10 years. From the land use
analyses, 75 percent of the commercial growth would occur in Zone 4

and the remainder in Zone 8.

In this interval, industrial growth will consume a total of only 39
acres of vacant land. Industrial growth is projected in the following

areas at these rates.

Zone 5 33%
Zone 4 23%
Zone 6 22%
Zone 8 22%

The losses and benefits for this period are shown on Table 4-8.

Saturation will not occur.

FUTURE GROWTH OVER PROJECT LIFE (1985-2085)

This phase of growth would occur afl.er the selected plan is operational.
Growth will continue at the pre-pmoaect growth rate nf 3.0 arres per
year or industrial zoned land. Growth will not be cl'termined for
residential use as existing multi-family zoned land -- rather limited.
Commercial vacant land is non-existent. Rezoninf, of the vacant
industrial land or single family residential land will not be assumed,
although this practice has occurred within the study area. At the base
year of the project, as originaily conceived was 1985, about 566 acres of
industrial land should be vacant within the standard project flood
confines. Significant vacant land is available in Z.ne 5, with lesser
amounts in Zones 4 and 6. Little vacant land is available within the

Cranston portions of Zones 7 and 8.

Within the Warwick industrial park about 50 acres of prime industrial

land would be vacant by the base year. (Ten additional acres of land
will nave been utilized in the 1972 to 1985 growth period.) Several of
the existing firms are now prohibited from enlarging the facilities
because of existing constraints on expansion within the fifty-year flood
plain. Because of the desirability of locating within the Warwick
Industrial Park (sewered area, adjacent to good connecting highway
system, availability ,f public water supply and public transportation)
all new growth will tv-our within this area until the existing vacant
land becomes saturated as a result of the protection afforded it by the
diversion.

All the industrial growth has been projected to occur within the Warwick
Industrial Park for the period up to 1995. The remainder of the growth,
from 1.995 to 2085, is expected to occur in Zones 4, 5, and 6. It has

4-19



AO 823 CORPS OF ENGINEERS WALTHAM MA NEW ENGLAND DIV F/A 13/2
JUL 81BIG RIVER RESERVOIR PROJECT - PAWCATUCK RIVER AND NARRAGANSETT --ETC(U)

Ljf Ci AS ;TFTFn 
N5100 JUL Ri||

;EEEEEEEEEEEE/
EIEEIIEIIIIIEE
IIEEEEIIIIIIIE
IIIEEEIIEEIIEE
EIIIEEIIEIIEI
EIIEIIIEIIIIEEE



TABLE 4-8

1972 TO 1985 FUTURE GROWTH

BEFORE PROJECT COMPLETION

Type & Total Annual Benefits to Residual
Location Damages 30 ft Diversion Losses

Industrial

Zone 4 $ 66,830 $ 59,560 $ 7,270

Zone 5 105,810 103,380 2,440
Zone 6 67,100 50,630 16,480

Zone 8 590033,150 25,900

Sub-Total $ 298,800 $ 246,720 $ 52,090

Commercial

Zone 4 $ 143,550 $ 132,860 $ 10,690

Zone 8 39,650 ?5,301463

Sub-Total $ 183,200 $ 157,890 $ 25,320

Residential

Zone 4 $ 108,500 $ 98,14 $ 10,360

TOTALS $ 590,500 $ 502,750 $ 87,770
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been estimated that 50 percent of the growth is expected to be in Zone
5, and the remainder equally distributed betw ]n 4 and 6. New dummy unit
stage-damage curves were determined for these three zones. Damages,
benefits and residual losses were then calculated for this phase.
Increases in losses (benefiLs) were included for the changes due to
urbanization.

Plate 4-3 shows the damage, frequency and stage relationships for Zone 5
and Table 4-9 summarizes the 1985 to 2085 allowable growth, both under
the "with the project conditions." Table 4-9 has been updated to
reflect the September 1978 price level.

LOCATION BENEFITS

Along the lower 10 miles of the Pawtuxet River there are about 385 acres
of floodway lands where development wuld not be permitted under the
National Flood Insurance Act (NFIA). These areas have not as yet been
officially delineated by the Federal Insurance Administration, but are
expected to be in the near future. The diversion would virtually
eliminate the floodway. Much of this land could now be developed. About
half of the 385 acres of land is zoned industrial, with the remaining
portion unsuitable for most uses as the areas are either State or local
conservation land or limited access areas created by the interstate
system. The final choice of values for benefits in this category were
equated to the difference in the market value of the, f)ood plain land
with and without flood protection. A ten year growth period was
employed for the land to reach its peak use value. Consultation with
local real estate brokers and knowledge of past sales within the area by
the Real Estate personnel of this Division established the present value
of the floodway land and the value of comparable land outside the flood
plain.

The following tabulatlon represents area, percent developable, land use
classification, value of land with and without the project, and net
worth of the existing vacant floodway.

FLOODWAY AREA

Future Existing
Area Percent Value Value Net Worth
(Acres) Developable Use $/S.F. $/S.F. x $1,000

180 75 Industrial $1.50 $.10 $8,233
13 100 Industrial $2.00 $.10 $1,076
2 100 Commercial $1.50 $.10 $ 122

$9,431
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TABLE 4-9

NATICK DIVERSION

FUTURE INDUSTRIAL LOSSES AND BENEFITS

1985 - 2085

September 1978 Price Level

Total Annual Benefits to Residual
Location Damages 30 ft Diversion Losses

Zone 4 94,100 85,790 8,320

Zone 5 354,450 335,320 19,140

Zone 6 233,500 167,400 66,100

Zone 7 0 0 0

Zone 8 961,950 516,13045,2

TOTALS $1,644,000 $1,104,640 $539,380
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This is equivalent to an average annual benefit of $680,000 utilizing an
eight percent rate of return.

Of the three techniques mentioned in ER 1105-2-35 1 for measuring so
called "Location Benefits", the "change in the market value of land" is
selected for final calculations as it is the most quantifiable and
factually supported method at the field level. In complex basin flood
plain situations such as in this study area, reliable information on
economic gains to activities using the flood plain only with protection
is extremely difficult to obtain and the degree of confidence in making
judgements as to threshold levels is questionable.

AREA REDEVELOPMENT BENEFITS

In labor market areas which have been designated as Redevelopment Areas,
Senate Document No. 97 of the 87th Congress directs that the project
benefits shall be considered to be increased by the value of the labor
and other resources required for project construction and-expected to be
used in project operation, project maintenance, and additional area
employment during the construction of the project. Otherwise, such
labor and resources would not be utilized or under-utilized. The
Pawtuxet River Basin lies in the providence-Pawtucket-Warwick SMSA,
which is designated as a Title IV Redevelopment Area under P.L. 89-136
by the Economic Development Administration. In April 1.976, the
unemployment rate for this SMSA was 10.5 percent.

The records of this office indicate that in the average civil works
project, the labor cost generally approximates 27 percent of total
construction costs. However, due to the nature of this work, the labor
component for this project has been estimated at 30 percent. As the
construction cost of the project is currently estimated at $57,800,000
at September 1978 price levels, labor's share amounts to about
$17, 340,000.

It is estimated that 80 percent of the laborers will be locally hired
for this project. While not all of this labor will come from the rolls
of the unemployed, the jobs that they leave will be filled by either the
unemployed, or the underemployed; thus 80 percent is used. The above
process is shown on Table 4-10.

Benefits are not considered for labor engaged in maintenance and
operation of the project after construction as the need is small and the
work, associated with the Warwick-Elmwood Avenue local protective works
portion, will be handled by the regular public work force of the
community.
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TABLE 4-10

AREA REDEVELOPMENT BENEFITS

NATICK DIVERSION:

TOTAL CONSTRUCTION COST $ 56,897,000

YEARLY FUNDING - 4 Years for Construction

1st Year................$ 8,775,000
2nd Year............... $20,475,000
3rd Year............... $17,550,000
4th Year............... $10,097,000

PRESENT WORTH VALUE

lat Year: .93786 x $8,775,000 x .30 =$ 2,468,900
2nd Year: .87969 x 20,475,000 x .30 $ 5,43,500
3rd Year: .82494 x 17,550,000 x .30 $ 4,343,300
4th Year: .77368 x 10,097,000 x .30 $2,460

$ 14,559,300

ANNUALIZING

80% Local Hire x $14,559,300 =$ 11,647,440
x .06635

$ 772,800
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BENEFITS TO MUNICIPAL SEWAGE TREATMENT FACILITIES

There are three municipal sewage treatment facilities located downstream
of the Natick Diversion that would receive flood stage reductions. Two
of these facilities (at Warwick and at West Warwick) have parts of their
treatment system below the current 25-year flood with the remaining
portions of the Cranston facility located at or above the current
100-year flood level. As the main structural components of the Warwick

and West Warwick facilities are !ow the existing hundred year level,
significant damages would result - either the 25 or 100-year flood
level for both facilities. As expansion of these facilities is planned
in the future, they are required to follow EPA technical bulletin
430-99-74-001 "Design Criteria for Mechanical, Electric and Fluid System
and Component Reliability".

This bulletin states that the treatment works' stri-ctures including
electrical and mechanical equipments shall be protected from physical
damage by the future one hundred year flood. In addition, the treatment
works shall remain fully operational during the twenty-five-year flood
if practicable. As the diversion will reduce flood stages so that
minimal damages result at the hundred-year flood and the plants remain
completely operative during the twenty-five-year event, a benefit can be
credited for this reduction. In accordance with directives, the benefit
would be equalled to the least alternative cost of protection for either
the 25-year complete operational cycle or the 100--ear structural pro-
tection. For both affected treatment facilities:, the least alternative
cost of protection consists of building walls and dikes to the 100-year
level of protection as tabulated in Table 4-11. As evaluated by this
office, floodproofing of these structures at a 100-year level proved to
be far more expensive than the walls and dikes and was obviated as a
viable measure.

SENSITIVITY ANALYSIS OF URBANIZATION AND GROWTH

As the area is rapidly intensifying in activity with a large portion
within the flood plain, a combination of both urbanization and growth
conditions have resulted in significant benefits. There are sufficient
so as to allow the project to have a favorable benefit to cost ratio.
Although not required, a sensitivity analysis of the urbanization
effects and projected growth were evaluated. Five varyng conditions
were analyzed: no future urbanization and no future growth; one half
the projected growzI . The results of this analysis are presented in
Table 4-12 which irdicates that without the projected growth rates and
urbanization conditions, the selected plan would not be justified.

By the addition of some of the previously excluded benefits, the
selected plan would be Justified at the one half urbanization - full
growth condition, or full urbanization and half the projected growth.
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TABLE 4-11

LEAST ALTERNATIVE COSTS FOR
FLOOD PROTECTION OF MUNICIPAL
SEWAGE TREATMENT FACILITIES

100-Year Level of Protection, Including Freeboard

PROJECT INVESTMENTS

West Warwick Construction Cost $ 892,000
Warwick Construction Cost 1,012,000

$1,905,000
Interest During Construction
2 Years x 1/2 x .06625 x $1,905,000 316,000

TOTAL PROJECT INVESTMENTS $2,221,000

ANNUAL CHARGES

Interest and Amortization:

100-year life @ 6 and 5/8 percent
.06635 x $2,221,000 $ 147,000

Operation and Maintenance 7.000

AVERAGE ANNUAL COST AND BENEFITS $ 154,000
(FOR PROTECTION TO MUNICIPAL
SEWAGE TREATMENT FACILITIES)
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In addition, the substitution of a reduced tunnel size would reduce
construction costs and result in a Justified project for a limited
growth condition.

The plan is sensitive to the future conditions within the basin. Based
upon the rapid growth within the past decade, the projected growth and
job opportunities, the lack of vacant industrial land within the region
and the high degree of security that the flood control projects uld
afford, all prior urbanization and growth rates were conservatively
estimated. The minimum level of growth and urbanization conditions
thought to be representative of the future were evaluated previously.
The results of that analysis resulted in a Justified selected plan.

FLOOD CONTROL BENEFITS EXCLUDED FROM ECONOMIC ANALYSIS

Other vacant non-floodway land below the 100-year flood plain will also

reap significant benefits due to the diversion and local protection
project. The provisions of the National Flood Insurance Act af 1973
were fully compiled with in projecting growth in the flood plain.
Urbanization was not projected in the estimated 100-year floodway. All
future development in the estimated 100-year floodway fringe was assumed
to be floodproofed against the 100-year flood. The most economical and

feasible* method of floodproofing in this area would be to build
structures on fill. With the Natick Diversion, there are approximately
770 acres of floodway fringe that are no longer subject to flooding at
the 100-year level. The reductions in water surface due to this project
are shown on Plate 2 of the hydrology report.

Of this area, about 400 acres are vacant. The cost to fill this area to
the 100-year flood level would be about $6 million or $380,800 annually.
With flood control improvements in place, this filling would be
unnecessary. In addition, the remaining land still subject to flooding
at the new 100-year flood level, in theory requires even less fill which
would result in even greater benefits.

An additional item which was not included in the benefit anaysis is the
assumption that portions of the vacant industrial land would be rezoned
as commercial. There is a large demand for this category of land use,
and significant rezoning of land has occurred in the past. No
commercial growth was assumed past 1982. By that date, the existing
land zoned as commercial will have been saturated. During the growth
period, from 1972 to 2n85, about 200 acres of industrial land will be
used. As there are currently about 600 acres so zoned, about 400 acres
should be vacant. A significant portion of this land would probably be
rezoned, or be used for industry at a higher growth rate than used
during the conduct of this study, which would result in far greater
economic benefits.
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Other items not included as benefits involve the savings in premium cost
under the National Flood insurance Program tor covered structures,
benefits to the interstate transportation system afforded as 1-95 would
no longer be subject to flooding, flood fighting costs, the increased
damages to be experienced inside of existing, or future structures due
to the addition of more sophisticated, and more expensive equipment,
and the increased :alue of the utilized flood fringe land now
flood-.fr-e. All flood-free structures would now be worth more, and thus
would be attributable to the selected plan.

Anorher major benefit not claimed would be tht theoretical savings to
homeowners and industry in the cost of providing floodproofing costs.
From Table III-I this cost for the 100-year flood event is about
$57,000,000 to the 1972 existing structures. With this diversion scheme

many of these would ree-eive a high degrec (f protection. However, there
still would be the need to floodpronf over 200 structures.

EFFECT ON THE ENVIRONMENT

Potential Irracts in Apponaug Co-e an:, Greenwich Bay. Diversion of
freshwater into Appluaaug Cove and Greenwich Bay could have a significant
impact on the environment. A sampling progra.n for the Pawt,et River
was initiated by the Corps of Engineers through the Au:spices of the
Federal. Environmental Protection Agency (EPA) !o deter-mine existing
concentrations of various water qualt-' paraawter-'o

It vas envisioned that during this sampling period, some high flows
would be encountered that would be representative of flood conditions.
However, the maximum experienced flows for the sampling dates were less
than 700 cfs. For the diversion to be operative, a flow in excess of
1,800 cfs would be required. From an analysis of these current water
quality data, only the coliform group of micro-organisms presents a
source of public health problem. However, due to the diversion of the
freshwater (Pawtuxet River) into the saline environment (Apponaug Cove
and Greenwich Bay) t:e overall salinities In the Cove and Bay will be
temporarily reduced. Although not a public health problem, it will
induce physiological stress on the marine flora and fauna present in
Apponaug Cove and Greenwich Bay.

The total colilform :ount- on the Pawtuxet River at the Natick Dam
sampling station va- -,d frmm a minimum of 2,400 groups per 100
milliliter (ml) to .er 2 ;),000. The total coliform value of 13,000
groups per 100 ml is the geometric mean for the sampling period
(September 1975-June 1976). As some of the sources of the coliform
groups are known, some of these discharges may be tied into the West
Warwick sewage treatment facility in the near future. It can be assumed
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that most of these effluenti will have a significantly less pollution
load by the time the project is operational as the existing discharges
would be in violation of Public Law 92-500, Federal Water Pollution
Control Act, as amended. It is envisioned that by the time the

diversion would be operative, an average total coliform group value at
normal flows would probably be less than 1,000 groups per 100 ml. This
would be further reduced when the river reached flood Itage. In
addition, it has been reported In technical literature that a
significant reduction in coliform cnicnts occurs due to the toxic effect
of saline water on coliform bacteria. Tle reduction is dependent upon

the final p.,rcent salinity of the aggrcgite mixture, and the exposure
time.

A mathematical model study was then employed to evaluate, as well as to
predict, the anticipated impact on Apponaug Cove and Greenwich Bay due
to the operation of the diversion. The impacts of the diversion were
modeled for three tidal conditions, namely; spring tides, neap tides,
and a specified storm tide condition during normal tide. The storm tide
was modeled by adding a constant surge of 8.6 feet to the normal tide

cycle. Flow rates consisted of one constant rate of diversion equal, to
200 cfs, and two time variable flow rates having maximum values of 2,300

cfs and 14,500 cfs.

The mathematical model used for the analysis of the dliersion was a

modification to an existing model of Narragansett Bay. ic model was
modified to apply only to Greenwich Bay and to include tit- diversion of

the Pawtuxet River into Apponaug Cove. The dilution cf the input
source, the Pawtuxet Ri.er, and the addition of excess .mcentrations of

the parameter under investigation, are predicted by using a far field
advection-dlffusion model in which concentration distributions are
determined by advecti~n (currents), turbulent diffusioi, and natural
decay processes. Thi3 Effluent Dispersion Model Is a two dimensional
computer model which predicts the concentration of the discharged
material over the study area. Impacts to the far-field model include
the spatially and temporarily varying advective currents. To obtain
these currents, a circulation model was employed.

The circulation model predicted the currents throughout a vertically
well-mixed two dimensional embayment from a knowledge of the tide

heights and/or currents at the open boundaries of the embayment. Once
calibrated, the model was used to predict the circulation patterns for
the three tide conditi s,

Hanes, N. Bruce and Fragal, Robert "Effect of Seawater Concentration

on Survival of Indicator Bacteria," Journal of the Water Pollution
Control Federation, January 1967.
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The computerized Efflueni Disptcsion Model esLimat ,l the changes to the
present water quality of r.ec..,ch Bay due to the Influx of freshwater
diverted from the Pal.,tuxur RI i:t: The model predi ted the vertically
averaged excess concenz'ral' ons of coliforms, bochemi-,al oxygen demand,
temperature, disqolv.d oxygen at,] suspended solids throughout a
well-mixed hori:.ontal two-dimeo:ional plane. The ambient transportation
proce;s of advection and turbuleno- diffusion were inclted in the model
along with the internal decay mechanisms. The model translated the time
varying i.',erslon dis-ha-ge int. '.'me varying excess canstituent-
con-t-.ttrr "n and dilution patteor-i : oughout the study area.

200 .- :,; DiVERSION RATE - Utilizing the exi.,ting water quality data as
the input for the model, the co:n.stant flow rate of 200 cfs was analyzed.
At tl,_ ueal impact time, wbn "'i e volume of saltwater in Appunaug
Goy 'o. -.:cnw[rch Bay was it a minimum sai.irities were reduced to 75
pe:cent -f -in' Ient thr,,ug'.oiut Xpponaug Cove and a smail portion of
Sr I. W1 Lh B The rif,... ot .PJinit.- uh, ge to mr: .c.n life at Ihis
rate w'ere ec' ,til y Pcigi ,11o and L', a,"!,r!ted area was limited to
Apponaug Cove, rxces" co" iforis introduced to the Cove Bay area were
also analv:'ed at rhe -. it al pitod. The resul ts Indicated that 9
perc -ent of Gr, enwfch Bay , ..,u3ti ho- exp.od to additional coliforms due to
the divera'sn ,,c a i zicif of .,cx day, and at peal imp,,c-l it would
havre a conceetratiou -,f nb . 5 pe-cent of tirc inpt,,- to-tal ,ifora
bacteria. Utilizing e - g kwat.er qiality (!.ta 0,: xoul d ':e
equlvalen : to a maximum additional concentra: i "' 'gi .rotp:, per ml.
However, assuming future uondt;Jona, the 'er r ".a concentr~f on
would only bn about SO groups !;e!" 100 wl. Y, a o',. ,.>Ie or constant
tide- sur- ,  ondioni the aft-,ed area wou, I be 1. mn -d t3 Apponaug
Covfe-.

2300 CFS DIVERSION R ATE - Next, saliu t ez -id the (oliform --coup for the
2,300 divarsion rate were aaalyzed. For -,h sai intltes, the greatest
impact is experienced daring spring tide. 'le significant area In terms
of effect upon marine species lies within the 50 percent change contour.
In this range, the salinities will vary between 10 to 15 parts per
thousand (normal concen:raiion of Greenwich Bay varies between 20 to 33
parts per thousand)., reduction in salinity below a value of 10 parts
per thousand would physiologicaily stress and destroy most early life
stages of marite life. This -iould result in the loss of the year class
for species for about 10 percent of the Bay, and all of Apponaug Cove.
After the diversion -eased to operate, the return time to 70 to 90
percent of ambient ; linities throughout Greenwich Bay would take two
tide ,yules or abou7 26 hours. At neap tide, the affected area of the
50 percent contour is similar, and at the constant stcrm surge, the
affected area is lass than 0 percent of Greenwich Bay.
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At the 2,300 cfs diversion rate and at peak impact, the area within
the 2 percent contour for coliiorins w.m)ld consist kJ about 50 percent
of Greenwich Bay. The duration of exposure for this area to in-
creased coliform bacteria due to the diersion would be about 40
hours. Under existing water quality conditions, the 2 percent of
input coliform bacteria %otld be equi\valen' to the presence of an
additional 260 groups per 100 ml. With the anticipated improvements
in the sewerage systems upstream of the ,liversion intake, this would
amount to only ibout 20 groups per 100 ml. i-i the time frame the
diversion would be operative.

14,500 CFS DNVERSION RATE -The final series of analyses included the
diversion flow rate of up to 14,500 cfs into Apponaug Cove and
Greenwich Bay. At this rate the salinitles in the Bay and Cove are
significantly affected. At the peak impact, which occurs during neap
tide conditions, about 70 percent of Greeiwich Bay would have reduced
salinitieb causing mortality for some adult species, and eliminating
the early life stages for all marine species residing in the Cove and
this portion of the Bay.

With the diversion rate, excess coliformi would be present in all of
Greenwich Bay for all tide conditions.

Sensitivity of the Mathematical lKdel and BioogicaJ. Ann- yss The
data derived from the model analyses of the variats di'lvt.I., flows
represents a worse possible situation. The model nssumes ,Ingle
layer mixing without stratification. This would differ from a real
life estuarine situation in which saltwater would under lie the
freshwater because of its greater density.

Estuarine organisms can tolerate or avoid stress conditions created

by the reduced salinities. For example, clams surh as the quahog or
mussel, tightly close their bivalves to avoid a noxious environment.
Bottom and mud dwelling species may not experience the full effect of
salinity reduction since seliment salinities can remain high while
water salinities can vary drastically. Polychaete worms and mud
dwellers can burrow or secrete slimes to protect sensitive body
surfaces. Some organisms can also osmotically regulate their
internal salt balance while other animals (conformers) passively
equilibrate salt balance. The survival success afforded by these
mechanisms both physLologi I and mechanical is dependent upon the
amount and duration of exp' -ure to the reduced salinities. Other
marine species, such as the winter flounder would probably escape
harm by swimming out of tha stress areas. Considering this
information, it is predicted that the major impact from salinity
reduction will adversely atfect egg and larval stages of marine
organisms rather than adult forms.
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Summary of Impacts .in Apponati Co-e and Greenwich Bay

Due to the sensitivity oi the mathematical model and th,: subsequent
biological analyses, ,-tual numbersi of species adversely affected by
salinity changes due to the diversion cannot be determined.

The total coliform group of bacteria does not stress marine species as

do changes in salinity. Rather, it ,xses a potential pibljc health
problem. When the waters of any mar' , onvironment ii Rhode Isard
exceed a mo.-t probable nUnber (MPN) of , thc area is cl-gcd to
shellfishing. Since portions of ;reenwich Bay are utilized for
shellfi:, iing, the operation of Jhe diversion could result in temporary
closue --f some of these areas. The critical parameter woui'( be the
conceL<:'at-ton of the total coliform group of bacteria present in the
diverted floodwaters of the 2awtuiet River. The time required from the
onset tsf chauges in coliormu concentratioas to complccc recovery at
seleA, e.i areas is summari.:ed :.' follows:

DIVERSTON LVENT (in days)
Area Closed 200300 2.300cfs 14,500 cfs

Apponaug Cove 2 7 6
5 Percent of Bay 1 6
15 Percent of Bay 0 4
50 Percent of Bay 0 i,
90 Percent of Bay 0 0 1

Actual concentrations of colfforme are not used. When *,p:':einnts, if
any, are mad-, to the water quality conditions upstreama of the Natick
Diversion intake works, these conditions will 1be further reduced.

At present, Apponaug Cove Is closed to all sheilfishing activities. In
terms of potential impart to the economy of the area, as the 2,300 cfs
diversion is an event expected to occur on the average of once every 15
years, and the 14,500 cfs diversion exceeds a hundred year diversion
rate, a small portion of Greenwich Bay would be expected to be closed
for only 4 days every 15 years due to operation of the diversion.

Freshwater Flora and Fauna - As the amount of above-ground construction
at the site of the diversion intake will be confined to about one acre
of land in the vicinit )f existing Natick Pond Dam, the impact, if any,
upon any freshwater ceimiunity would be negligible.

Water Pollution - With the construction of the Natick Diversion, there
will be no appreciable day-to-day improvements in the overall water
quality of the lower Pawtuxet River. However, due to the reductions in
stages of flood events, the three municipal treatment facilities will be



able to remain operat!ve duxtrng a hundrod yeaL flood, and only receive
minor damage at a standard proj4,: flood levei, At a yearly type
diversion event, the rtdmic ion in stages will he ,,.uch that floodwaters
will not inundate t.1i sludge disp ,il areas of any of the three
treatment facilities.

Noise and air Pollution Ditring tre conistruction phase of the N *ick
Diversio',n, :ngnificant adverse impac.. o--id be likely to occur. A
prime source of noise wi1 1 be the lat tt : wheel dump trucks hauling
rock ,pnil and other material away froiii tunnel to disposal areas.
The kuy impacted areas will be along U.- 1 in Apponaug, a section of
'Warwick; Providence Avenue (RI 33) in Warwick and West Warwick; Bald
Hill Road (RI 2), Elmwood Avenue (U.S. 1) ana Warwick Avenue (RI 117) in
Warwick. Additional noine will be creatie, Lt the disposal sites. There

would be about 20 truckloads of rock spoil pe' day remo,.ed from the
tunnel during the four-year construction periooL This would amount to
about two trucks per hour. All of the previously mentioned roads are
heavily travelled regularly by trucks of this type and in far greater
numbers.

Noise associated with the tunnel construction will be minimal. In
addition to th- trtcck trafflo prev.ously mentloncd: other sour,'es of
noise would consist of the rock hoisting equ4.pm,-,pt ;t. the outlet
structure (an area where the nearest inhabitat . , -,I sir,,(AJre is within
300 to 400 feet), and the noise during constructiou of- the above-ground
portions of the intake and outlet structures, Althous;h hlasting will be
used extinst.cly during construction of the tumnel and shafts,
constructon methods including blast iig techniques will not be of the
magnitude that would adversely affect s-rtace or near-surface, in-ground
improvement. The size of charges will be so designed so as not to
create any shock waves or excessi've noise, thei.efore, the impact due to
the blasting will be nonexistent.

Throughout the duration of the construction artivities, the air quality
will be depraded. This will be attribvtnble to fine particulate matter
given off by the rock spoil disposal and hoisting equipment, the hauling
of the spoil, and the disposal at either the local protection project
sites or other selected spoil. areas. Other factors which would also
degrade the air quality would be the diesel exhaust emissions from the
earth moving equipment, All of these conditions will be temporary in
nature due to the con :uction activities.

Land Use - As the selected plan will prcvide a high degree of flood
protection for the land djwn 3tream of the intake stricture, more land
will become available2 for either new development or intensification of
present usage. Consequently, this will Increase the value of the land
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and make it more highly desirable for dev'elopment. The new growth
anticipated as a result of the implementation of the selected plan
should conform with the zoning regulations of eaIi~ of the munici-
palities, and as such, would probably not be considered adverse with
respect to local plans.

At the diversion intake and outlet works, the land acquisition program
is minimal with negligible impact upon growth. The intake structure
involves onlx 1.80 acres of land to . !irchased in fee simple including
the acquisition of one residentiaL stfcu.areo Although about one acre of
this land is industrially zoned, it is currently vacant and partially
used for storing of junk vehicles and related pacts, and located within
the floodway fringe area, The remaining 0.&"! acreage cons ists mostly of
vacant residential L: ts on steeply sloped land not too conducive to
development

As the outlet works will be substantially located withia the limits of
the mean high water marks, an area under State jurisdict.oin as defined
by law, land taking will be very minimal. It will include about one
acre of industrially zoned land inclusive of a segment of an existing
access road, a fisherman's shac~k and a wc0od timber bulkhead sea wall.
As the current use of required land, which lies in a hurricane danger
zone, is governed by rules acid regulations of 1iie local. overument and
also regulated by the State Coastal Resources Iff.nagerett CounLil for
environmental protection which require buildings to b ," t above 14
feet, msl, land taking will have negligible impactr upoi. putential growth
development of the area.

As the tunnel will be driven th-ough bedrock at considerable depths
below ground surface, land taki,,g in fee simple is unnecossary. However,
subsurface easements on 50 parcels of lani 1r c hiding above-ground
restrictions will be required. These restrictionn would include future
ronstru:ction programs along the tunnel alignment that could hinder or
potentially damage the tunnel. For example, drilling a deep well to a
water bearing strata would be prohibitive, but construction of
above-ground buildings including driven piles could be granted with
Federal permission.

Aesthetic Impacts The Natick Diversion would involve construction of a
new dam approximately 200 feet downstream from existing Natick Pond Dam.
The river section in t' s reach, presently natural streambed between
fairly steep banks, would be unchanged except during flood events.
During periods of high flows the water level would be regulated so as to
allow excess Pawtuxet 'lood waters to pass over and into the inlet
structure into the tunnel, then be on route to Apponaug Cove.

4-35



Under normal flow conditions, the top ot the new (te..uLating) dam would
be exposed by about 20 feet abov" th,. normal river level and the inlet

structure by about 8 feet. These aoostructed features woul,! represent a

further departure from the natural state of the river, and as such, would

afford a negative visual ipact. However, the area presently affords

little visual access and t0 e existing rsual quality is not high.

At the outlet structure in Apponaug 'o-vk! virtually everything is

covered by water. The only exposed port - would be a horseshoe shaped

wall partially enveloping the outlet works ..id extending to about 12

feet above mean sea level; the concrete piers and stoplog structure; and

a maintenance and operation structir, which would affo-rd a negative

visual impact.

Cultural and Ilistorical Resources - A prelimirary analysis .,as conducted

by the Rhode Island Histnracai Preservation Commission. The Commission
indicated that potential archaeological damage resji t ng from

construction of the diversion tunnel is diffircult to assess at this

time. Though no damage to known surface sites of national interest
would result from the tunnel, there could be disruption on the floor of

Apponaug Harbor. Due to the ' possibilities of the harbor having past

archaeological significance, the potentral impact is uncertain. An

underwater survey of the area was conducted to evaluate its signifirance.

The results of the study revealed nothing unique or of htteat.

The tunnel will have no impact on the marsh areas near Gorr,vi Pond as it

will be constructed well below the surface in this area. The area of the

intake structure of the diversion tunnel will also be surveyed before

the final impacts are prepared in the EnivironmenLal Statement. The

structure is not expected to have a lIsual or physical impact on either
the locally significant Natick Mill Village District or the Westcott
Mill Housing District located respectively, in and near, the vicinity of

the diversion intake.

ECONOMIC EFFECTS

By implementation of the selected plan, numerous beneficial economic

effects are expected to occur. A key short-run effect will be the

availability of increased employment for many unskilled and semi-skilled

laborers during the const tlion phase of the project. The actual

number of jobs to be creat< at the current time is undetermined;
however, jobs in this currently depressed industry (20% for construction

trades) will be available For 3 to 4 years. In addition to the

secondary impacts generated through the powerful economic mltiplier,
this project would provide an exceLlent stimulus to the State and study

area economics.
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The effect on long term variables with the v'riJect should be far
greater. Capital, emplovment growth, industrial development,
water-related -,'custric:s aj ,creation, St,:te taxes, land use and
values will all be pqsitively impacted. Recent changes in State tax
policies are likely to have an impact on the intensity and diversity of
industrial developrms-t as the area's attractiveness to industry changes
with respect to .,," S;tates of the nation. This has lead to a rapid
industrtn1 expansic-: In the .,ist few years, and i1 i erpected to occur
in the future. Much of this devtI'aminent has occurred in the flood
plain.

Coa.ersal', by opei ation ot the diversion, f Lood waters will enter
Apponaug Cove and Crenwicn Ba,. As the sheI.Lfish industry ILai
impnortant socio-ecnomic effects on the Nav'.agansett Bay area an
undetermined numbe, of lost fishing days coald be possible° T'is is
determined by the iuratton of time that the coliform counts in Greenwich
Bay r.lfeed safa lrmnts.

Negative i.ipacts dre to the construecton of the diversion tunnel and its
appurtenant structures a'-e minimal. Some of the noises will be evident
at 0,e inta!ke and outlet stcuct.-'es, but- should be minor as th"
surrounding area is less habitatcd. At the intake structure, due to the
construction site being L.,'ated within sig|:t r' the exIsting Providence
Street Bridge, traffic congestion may be a probe,: do-, to curiosity
factors and increased activity.

As flie construclion of the tunnel and slafta _1 i eolre blasting, the
socat. imnaf-ts will he determ. ied h-7 the extes^" to wh:il1 the iihabitants
of the arca reac;t psychologically. During ,4 past .slerfes of plan
formulation meetings, sevr.ral residents whose backyards would be
directly over the tunnel, although separatcd by 200 feet of mainly rock
cover, were afraid of the ground collnpfing and caving in. Although
this phenomenon could not happen due to the strctural strength of the
over-burden roc:k, the psychological fear woul.d probably remain. This
degree of unreallstic uneertainty has both : short run and a long term
effect. kny actI.,Ht which undermines public confidence in the security
of the area will result: in reactions that may range from organizing to
prevent completion of the project to sale of property in the area.

Finally, construction of the outlet for the diversion involves impacts on
recreation and businesses located in Apponaug Cove area. The impacts on
recreation are of t,.,, types: direct. .nte:iference with recreational
activity caused by .strv',tio!: in Apponau- Cove Itself and indirect
interference of 0 1 use o survoundinf; land .:od/or water as a result of
noise, dust and 1;3.).'1ted construction. Boating, shell fishint and use
of beaches are all atferted by these conzIderations. In addition,
traffic congestion in th.. central area of Apponaug will be increased
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during the construction phase. Since this is already an area of heavy
traffic, increased congestion may interfere with access to businesses and
with commuter patterns.

Long term impacts refer to the consequences of physical structures and to
the developments in the area that are likely to be affected by the
presence of the project. These developments are generally large scale
changes that result from the interaction' between the physical setting and
the social and economic patterns of the -:mmunities. Although these
changes cannot be specified as precisely as the consequences of physical
structures, they are ext-emely important in gaging long-term Impacts.

EFFECT ON REGIONAL DEVELOPMENT

All of the known and investigated effects under this account are
beneficial. Most of these aspects have been mentioned earlier in terms
of creating other adverse or beneficial impacts. The short range impacts
will be limited to the phases of construction which will yield numerous
jobs to the locally depressed construction trades. Through the multiplier
effect more service type jobs will also be required. Long term effects
will be attributed to the fact that as existing flood-prone lands are now
substantially free, industry is likely to expand, again resulting in more
permanent type job opportunities. As more jobs become available, more
people are likely to move into the area to be near their place of
employment. This will necessitate more construction of homes and also,
through the multiplier, more service type jobs. As residenitial areas,
previously flood-prone, are now dry, improvements can be made to an older
home without fear of losing the initial investment. This will result in
a more desirable type of community to live in and make the community
cohesion even greater.
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WARWICK AVENUE LOCAL PROTECTION PROJECT

Protection of this area would begin along a high ridge located on the
southerly bank of thp Pawtuxet River about .2 miles upstream from the
Pawtuxet Dam. It would run approximately parallel to the present river
channel and tie into an escarpment at river mile 1.5 or .4 miles weqt of
Warwick A,:nnue. Approximately 900 feet of channel realignment would be
required to eliminate a meandering ocbow. Approximately 6100 feet of
walls & dikes, two vehicular gates ir.1 one stoplog structure would be
required to protect this area.

Various heights of prctection h3ve been investigated throughout this study
effort. The ctirrently envisioned project would be built in conjunction
with flood control storage at Big River Resenroir. If Big River Reservoir
is not built, the prote:tion project's deslgc flood would have to be
incroased bl an average of 2 feet. Approprfate plan, profiles and
sectional views of the W -vfck Avenue Lothal irotection Project are shown
in the supplementaL w)ydrology report en plator 6, 7, and 8. An aftist
rendition of this 1owal protection is shown on the following page. Plate
4-4 illustrates the existing 9'i.l profile. Costs and benefits for this
protection project are shown in Appendix 7.

This proposed project is designated to provide 1 'rote¢'Aon in accordance
with the governing criteria establishing the Stan!ard Project Flood level
as an appropriate level for urban areas as long iv e',. benefits exist.
Maximm velocities most likely to occur in the river channel along the
protection project would range from 6 to 8 feet per se,.,nd. For specific
details on design, free board, velocities and interior drainage design,
see pages 7 through 11 of the supplemental h.drology report included in
this chapter.

Geological Features.

Reconnaissance of the site, together with pertinent soil information
obtained from local construction projects, geologic maps and supplemented
by 14 subsurface explorations provided the supporting data for this
project.

Based on foundation conditions and the ready availability of large
deposits of glacial till, sand and gravel, and suit.ble rock from
commercial and undev'oped sources, an earth fill embankment with an
inclined impervious • .:epage barrier has been selected for dike design.
All dikes would have a top wfdth of 12 feet with vertical on horizontal
slopes of 1.0 on 2.5 for the riverside area, 1.0 on 2.0 for landside. the
dike slopes would be protected against erosion with protection stone on
the riverside slope and grass cover on the landside. Foundation seepage
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would be controlled through a toe drain with a collector pipe at the
landside toe of the drain. For the lower section, easterly of Warwick
Avenue, berms, as shown on Plite 8 of the supplemental hydrology report
would be provided along the emhankment to counterbalance shearing action
along a zone of peat and organic silt.

Unsuitable foundation materials within limits of the structures, including
topsoil would be removed and where practical, would be utilized either as
landfill for reshaping low-lying areas behind the protective works or
disposed of appropriately.

The concrete floodwalls would generally consist of L and T walls, both
having reinforcing steel and employed for exces.;ive heights, with the
former being utilized in conjunction with constrictive horizontal
clearances. Deviation from this standard would involve a short section of
all transition concrete walls which would be erti- nsions of specified walls
tying into the dikes or dikes wrapping around the walls to reduce emerging
seepage. Typical sections and details of walls are shown on plates 7 and
8 of the supplemental hydrology report.

The concrete structures will bear on a thin layer of natural sandy soil
overlying inorganic silt deposits or directly on the silt deposit.
Settlement will be practically instantaneous and should be negligible.
Foundation seepage will be controlled by a zone of sand fill on the
landside of the structure.

The earth dikes and concrete walls, measured along the centerline axis,
would average about 12 to 16 feet in height for the Warwick Avenue section,
as viewed from the river, the project would be about 19 feet above normal
water surface, or 14 feet above original ground. Where feasible, there
would be a minimuin 20-foot buffer zone between the edge of the river and
the toe of the .r,.ective works allowing present natural environment to
remain.

Three movable closures would be required. Two would consist of steel
vehicular hinged gages for the Ciba-Geigy pedestrian bridge and the
combination railroad and highway bridge. A stoplog structure would be
required at Warwick Avenue.

Excavations in the project area would be generally shallow consisting of
the upper flood deposits of silty fine sand and stripping materials. The
quantity of pervious material obtained from the required excavation would
be small and mainly from the toe drain excavations or from the channel
improvement.

Construction Materials

Potential sources of earth mate is would be from of f-site souirces.

Glattal titt suitable for constriction of impervious fills is currently
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available in sufficient u-antity From uudevel.ork, areas within a 1. to 20
mile i:allus. Bank-run sarxi ;m'i avel for constructicn of pervious )ills,
gravel bedding, and drainte fills are available from 'onm.ercial sources
within 5 to 10 miles.

Quarrit.1 rick ior protection ston may be produced by an operati.ng ,:yarry,
located within 10 inle-3 of the project area. Several comnic,rcial so,,r.es of
crushed .- stone, sand ard g: a-e! and ready-mix concrete are _,o, ated in
the Pro':iden_.e area within a 15-20 mai ' radius of the project area. A
producr of a,gregata for concrete as . . as ready-mix coneree .&s within
only a t:rj miles of the project location area.

Real Estate Anquisition

Cost estimates ior real. estate acquisition in -c iunctio.k with the project
proposal were cvaluated on comparable data elf recent s,;.-s of resideitial,
commed.iial an. Indust.' properties wil:,'i. th, entire 1,,poject area. A
thsc-:rough searh of i . xrd6 1.- the crmimun.tties -o obtain names aad accresses
of affected owners, in addi.tion to i eUidtev'ews with appraisers, reai estate
brokers, local oificials, and know] lc~eai - people for obta~nlng and
substantiatig d'a and . conducted. The real estate
estinates, aj .'eveloped by the. ic;u:tigation, represents an uini~ast:,d
judgment of the p::.e:t fair marlket value of a-fected irope.'icj with:In the
project area.

Total iaad a-:reage affei:i d by lo.:,aI .: L - v.- : . 1- - id consist of 27.1
acres oZ land to 7t purchased in ;implu fee, in addil..:n to aholt J0 acres
of temporary casuus foc general vwork areas f.:iuding space for minimal
stock-fillik; of iaterials durng construction, the later all. located in
Warwick. Thc tempnrary easements uould provilte spa ce for the storafc of
materials, cquipment .ad r(ontrattor's w- crr'a durini- construction.
Required acreage has been o;lected at ouoorsh.ps that are unimproved lands

but still contiguous t- the proposed peraanea: easement areas. Cost of
temporary easement are predicated upon a fair return of invested capital
(fair market value) aul a pro'rision for estimated economic: tax for :he us,'
of the land during the ,:onstruction period. These easements have b een
estimated at $55,000.

Actual. relocation of structures associated with project proposal would

involve an industriallt/ owned corrugated metal. shed building having 3,000
square feet of floor -'n'-ce and located in the lower reaches of the Warwick
Avenue area. The str:, ure could be mosed back on the same property away

from the protective wo-ks.

The highest and best use oz the required land for the local protective

works is its present use. In the Warwick Avenue area current land use is
mostly commercial and indn'trial. However, the portion which encompasses

the protective works area is low and wet with sparsely tree-shaded areas
along the riverbank. As the project area comprises mostly riverbank, it
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is neither economically no: physicaliy ieaslh~1 e for building purposes.
Other deterrents are the :;tate (-;asral Resoui-e:s Management Commission and
the local zoning boards reg :U' -ns governing t h e us' of any land In close
proximity to existing waterw.,s.

As tabulated in the Table below, the land and water areas to be purchased in
fee in Cranston (8.60 acres) would involve contiguous parcels associated
with the 1,000 foot channel realignment located easterly of Warwick Avenue.
The present centerline of the Pawtuxet River in this area in question is the
city boundary between Cranston and Warwick. The present river channel is
slated to be filled in with approximately 5.4 acres of land to be reclaimed.
Of this useable land about 3.2 acres (excludilg the area of dike embankment
and 20 foot buffer zone ehind the dike) would b, in Cranston and the
remaining 2.2 acres in Warwick. The estimaIu,! value of all the land is
$120,000.

LAND AND DAMAGES
(Land in Fee!Permanent Easements)

-- ___ ____ ____ ____ Ac res_ _ _ __ _ _

By Category/ Water
Community Commercial Industrial Residential Public Area Total

WARWICK 3.5 10.7 0M8 -- 3.50 18.50

CRANSTON -- -- 6.30 2.30 8.60

TOTAL 3.5 10.? 0.8 6.3 5.80 27.10

1 Represents water area requited either tjr project alignment

or for operation and maintenance requirements.

As the project upon its completion would he turned over to non-'ederal
interests, disposal of reclaimed land would be an unimpaired local
responsibility. In this instance, all three parties involved; namely, the
State and the cities of Cranston and Warwick would have to mutually agree
on its disposal. At this time, disposition of reclaimed land should
be held in abeyance until the project becomes authorized by Congress with
subsequent funding for the final design stage.

The local protective works would not interferc with the water requirements
of any industrial facilities nor result in the loss of existing water

rights.

Severance damages, an appraisal method reflecting actual value losses
incurred with partial land acquisition would have an insignificant value
for the Warwick Avenue area. For example, land to be acquired is low and
primarily marshland, unsuitablc r any type of improvement. It has
little economic value and hardly ,iy significant effect on the value of
the remaining land. One accessory building is within the project area and
will be removed. Hence, severance damages ha,e n t been incl!ided.
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Acquisition costs which Include mapping and surveys, legal description,
title evidence, appraisal negotintions and closings, and administration
costs for possible condemnation and relocation will affect 12 ownerships
at a total estimated cost of $40,000. These 12 ownerships consist of all
vacant tracts of land.

In accordance with Public Law 91-646, the Uniform Relocation Assistance
Act of 1970 provides for uniform and equitable treatment of persons
displaced from their homes, businesses or lands by a Federally-assisted
program, to cover possible reimbursable expenses which may be incurred in
the acqutsition program involving the 12 inimproved ownerships. The cost
for relocation assistance is $4,000.

To provide for possible appreciation of property values from the time of
this acquisition date, for possible minor property line adjustments or
for additional bidden ownersbips which may be developed by refinement of
taking lines, for adverse condemnation awards and to allow for practical
and realstic negotiations, a contingency allownnce of 20 percent has been
considered to be reasonably adequate.

Total costs of lands and damages involving lands in fee and improvements,
permanent and temporary construction easements, relocation assistance and
acquisition costs including co:-tingencies for possible appreciation of
property value updated to present values, are esW1inafoI , $300,000.
These costs are summarized in the following table. by (-q:go, ry, and in a
manner as to dLfferentlate between Federi. and non-Fdera7 costs. As
mandated by law, the costs of land and damages for the local protective
works of the Warwick Avenue area, amounting to about $300,000 would be
borne by local interests.

LANDS AND DAMAGES

TOTAL COSTS

Warwick Avenue Local
Protection Works

Lands and Improvements $120,000

(Fee/Permanent Easement)

Temporary Construction Easements 55,000

Acquisition Costs 40,000

Relocation Assistance Costs 4,000

Contingencies 44,000

TOTAL LANDS AND DAMAGES COSTS 263,000
updated to Dec 78 - 20

$290,000
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Rights-of-Way

The right s-o f-way lands (f. ,:luded in lands and damages costs) can be
defined as an area generally running parallel to project alignment with

horizontal landward distance, measures from rear of walls or heel of
dikes (landside toe) giving minimum widths varying from 15 feet (due to

building constrictions) to 20 feet. The protective works would be offset

a distance of 20 feet, wherever possible, from the river's edge for
preserving the natural environment. The rights-of-way would also

include lands within this buffer zone. These rights-of-way would also

extend the entire length of the project including the peripheral land
areas around the pumping station, land paralleling the pressure conduit

and land area of the river oxbow. As this latter area would involve

reclaimed land, final land disposition would be held in abeyance for

final design stage, as would disposition of par;;al parcels of lands

acquired as severance damage in order to comply ith zoning regulations.
Under no circumstances would the final rights-o t-way in these areas be
less than the prescribed 20 foot buffer zone strip.

Exclusive of the land adjoining Warwick Avenute, all rights-of-way lands,

though industrially zoned, are not economically or physically feasible
for building purposes, as they comprise mostly riverbank with zoning

regulations discouraging or prohibit!ng its development. As the

commercial land along Warwick Avenue is currently developed, the required

rights-of-way land would also have insignificant effects on its present

use. As access to the area for operatio, and maintenance function can be

provided via public ways, additional rights-of-way lands are considered

unessential at this time.

Relocation or Modification

The center of the Pawtuxet River is t'e city boundary between Cranston and

Warwick project area. Relocation or modification of public utilities,

such as power, telephone and gas lines would be minimal. Other modifica-

tions of public utilities would involv underground conduits in conjunc-

tion with the stoplog barrier and concrete fleodwalls adjoining Warwick
Avenue. This modification is considered minute as it can be simultane-

ously phased in with construction of the struttural components at a

negligible cost. Relocation or modificatton of private utilities would
be associated with the Geigy industrial complox, Involving a pedestrian

bridge and a combination railroad and vehictlar bridge and a sewer

trestle crossing. Modification of utilities at these locations would
also be considered negligible as the, would be simultaneously modified in
conjunction with the construction of the protective works.
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Although the lands contiguous to the project area are serviced by public
and private roads, relocation or modification of access roads would be
minimal.

As mandated by law, cost contribution required of local interests in
conjunction with reloction or modification features would be confined to
that portion of the project involving local protective works for the
Warwick Avenue area. These cost contributions are currently considered
minor and adequately covered under the contingency items of land and
damages. Further detailed evaluation would be made during final design
stage.

Loss of Taxes

Discussions with local assessors and a review of the conmmunity records
indicate the tax loss on fee simple taking, as a result of the project,
would be negligible.

Construction Period

It is envisioned that the protective works could be satisfactorily

accomplished within an intermediate frame of 3 years.

Operation and Maintenance

As the city of Warwick would be the single recipient of the benefits from
the protective works, it would be responsible for its maintenance and
operation. These functions would be limited to the normal upkeep of the
dikes and walls including the remaining project areas, the pressure con-
duit and gravrity gated outlets and operation of the pumping station, all
in accordance with prescribed regulations established by the Secretary of
the Army. Thtri.- local costs have been estimated to be about $10,000
annually.

Major Replacements

This would include an allowance for project items deemed to have a usable
life less than that of the project. Major items considered within this
purview included gates of gravity outlets and pumps at pumping stations
including electrical and mechanical features. From previous experience
with similar projects, it is assumed that, on the average, major replace-
ments would occur every 25 years and 90 percent of these replacement
items would be required. These are estimated to be less than $5,000 for
the local protective works.
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Beautification and Recreation

The plan would insure that aill project components be as visually
acceptable as possible with inclusion of beautification and landscaping
measures being an integral part of the selected plan. Special
attention would be afforded for specific project components as follows:

It is proposed that all areas paralleling the dikes and walls on the
landward side be landscaped, where practical, for harmonious blending
with the area. The pumping stations and all retaining walls would be
designed primarily according to the practical demands of the project with
attention directed to aesthetic details to provide architectural
compatibility with surrounding area particularly in light of the urban
environment. In the immediate vicinity of the pumping stations planting
of shrubs and trees would be considered for screening these facilities.

Consideration was also given to the possibility Lhat certain areas along
the project could be developed for limited public use activities. Such a
suggestion was advanced by the Pawtuxet River Authority for the easterly
side of the Warwick Avenue area. This would have included a pedestrian
walk/bikeway beginning at Warwick Avenue, running along and/or parallel
to the project and terminating at an arterial street on the east.
Detailed items for enhancing the recreational uses of the neighborhood
would have included benches, small fishing piers, picnic tables with
trash barrels, to name a few. Another suggestion would include a river
crossing from Warwick to land currently owned by the State in Cranston
with subsequent recreational expansion of that existing State land. Such
a suggestion does not appear possible.

The benefits and costs of the Warwick Local protection are discussed in
Appendix 7.

EFFECTS OF THE WARWICK LOCAL PROTECTION ON FLOOD DAMAGES

The area protected by the Warwick local protective works would amount to
about 190 acres. An artist's rendition of this local protective works
with the new flood free area follows this page. This system of walls and
dikes would cause some loss in natural valley storage with a subsequent
slight increase in river stages on the opposite bank in Cranston, how-
ever, this increase would be more than compensated for by the reduction
in flood stages produced by Big River Reservoir.

During a flood emergency all previously flood prone structures now pro-
tected by this project could continue performing their normal daily
routine without any major change. The only exception would be on the
occurrence of an extremely rare event where access to Ciba Geigy to and
from the Cranston side would be prohibited due to the gate closures.
However, in this type of occurrence, much of the firm's Cranston property
would be inundated resulting in ,probable plant shut-down. Warwick
Avenue may also have to be closed off by the stoplog structures if the
event was extremely rare. The distance traveled due to these temporary
detours would probably not exceed 6 miles.
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EFFECTS ON THE ENVIRONMENT

Freshwater Flora and Fauna - Tihe :i'st signiFicant Impact upon aquatic
biology will be created by the elitination of a constrictive oxbow
located in the lower reaches of the Warwick local protection project.
Approximately 1,000 feet of new channel will be constructed with about
2,000 feet of old river channel eliminated. This channel realignment
will result in the losf of about 6.3 acres of vegetated l'nd, which
probably supports small amounts (,? s-ncb mammals as moles, muskrats,
racoons, cottontail rabbits, squirrels, woodchucks, mice and skunks.

The vegetational community for both areas consists of wooded swamp
species such as red maple, red ash, aspen and swamp white oak, with high
bush blueberry, sweet laurel, dogwood, alder and willow. Various grasses
and sedges along with ferns and mosses form the ground cover. Groups of
skunk cabbage and cowslips aze also present. A total land requirement of
about 27.1 acres will be necessary for the construction of the local
protection project. Less than 50 percent of the land has limited if any,
significant vegetational community. Where possible, the earth-rock fill
dikes and concrete flood walls will be of Fstt about 20 feet from the edge
of the existing river bank. This will help re-establish any vegetational
or animal life that im displaced clurnS ronstruction activities.

Water Pollution -- With the cons3truction of the Warwick local protection
project, there will be no appreciable day to day imprnovents in the
overall water quality of the lower Pawtuzet River.

Noise and Air Pollution - During tho. .o.. tru tion phase of the Warwick
local protection project significant adverse impacts would likely occur.
A prime source of noise will be the large ten wheel dump trucks hauling
material to the project site or away to disposs,! areas. The key
impacted areas will be along Warwick Avenue (R)1 117) in Warwick.

This road is travelled regnlarly by heavy trucs and in far greater
numbers. Additional noise will be evident where earth moving type
equipment will be predominant. Numerous structures are located adjacent
to the proposed walls and dikes. Although Federal noise standards for
urban areas should help eliminate most of the harmful aspects of noise,
there will still be a significant inconvenience created. The increased
noise and possible traffic congestion at the construction site could
result in a temporary loss of busineks for some of the merchants in the
local area. Similarly, the residential homes will also feel the
discomfort of the incr o ied noise activities.

Throughout the duration of the construction activities, the air quality
will be degraded. This will be attributable to the hauling of the spoil,
and the disposal at either the local protection project site or other
selected spoil areas. Other factors which would a]s. degrade the air
quality would be the deisel exhaust emissions from the earth moving
equipment and hauling equipment, and the dust particles created by this
equipment. All of these conditions will be temporary in nature due to
the construction activities.
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Land Use - As the select(:.d plan will provide a high degree of flood
protection for the areas withtn the Warwick local protection project all
lands would now be flood fr- e from events equalling a standard project
flood level. Consequently, this will increase the value of the land and
make it more highly desirable for development. The new growth antici-
pated as a result of the implementation of the selected plan should
conform with the zoning regulations of the municipality, and as such,
would probably not be considered adverse with respect to local plans.

The specific impacts of each segment of the selected plan with respect to
land usage is discussed as follows:

Approximately 27.10 ecres of land will be required for the Warwick local
protection project. Most of the land required for the Warwick Avenue
area is industrially and commercially zoned; lut because most of it is
low, frequently wet and located next to the rivterbank, its acquisition
should pose no constraints to development of other vacant land adjacent
tot he project. Where there is limited clearance between the edge of the
river and the protective works, concrete flood walls are used in lieu of
the earth-rock filled dikes, resulting in significantly less land takings
and reloctaion of structures.

A small portion of land acquisition at the constrictive oxbow, totalling
about 8.60 e res and located entirely in Cranston, Involves part of the
Pawtuxet Reservation currently owned by the State of Rhode Island. As
this segment of land has limited recreational use, consisting principally
of several trails used mainly as passageways leading to a baseball field
from Warwick Avenue, its severance should ha-ve a negligible impact on the
remaining recreational land.

Aesthetic Imat - The primary impact of the selected plan would be the
appearance of the walls and dikes at the Warwick local protection project
with the obstruction of views they would cause. As the area is charac-
terized by moderate to heavy commercial and industrial usage, it is
unlikely that the presence of a dike along this section of the river
would be detrimental in terms of aesthetics or obstruction of views.

Cultural and Historical Resources - According to a preliminary analysis
conducted by the Rhode Island Historical Preservation Commission, the
Warwick local protection project would not have !in impact on historically
or archeologically significant properties.

Recreational Resources - The selected plan will have little or no overall
impact on existing recreational resources within the study area. The
plan, if implemented, would help prevent flooding for nearly all of the
lands which currently offer recreational amenities. The plan would
affect the amount of potential recreational lands in the project area.
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As the Warwick Avenue portion of the local protection project would
eliminate the oxbow in the existing river, a small amount of recreational
land would be lost. In terms of total recreation resources in the area,
however, this loss is of rainor significance.

ECONOMIC EFFECTS

By implemeTitation of the selected plan, numerous beneficial economic

effects ari expected to occur. A key Phort-rim effect will be the
availability of increased employment i *- many unskilled and semi-skilled
laborers during the construction phase -' the project. The actual number
of jobs to be created at the current ti -' is undetermined,however, jobs
in this currently depr.ssed industry (20% for , onstruction trades) will be
available for years. In addition tu the secondary impacts generated
through the powerful ezononi,- multiplier, this project would provide an
excellent stimu,?s to the State and study area economics.

The effect on long cer ,a 't:iables with the Iroiec.t should be far greater.
Capital- employment growtl, fndustrial development, water-related
industries and recreati.,5n, itate taxes, and land use and values will all
be positI',ely impacted. Reue,& changes in State tax policies are.likely

to have an im.-act on the intens1:"' and diversity of industrial develop-
ment as the area's attractiveness to industry changes with respect to

other States of the nation. 1his has lead to a rapid ii; !ustri1.i
expansion in the past few years, and it is expc-:ted t.: ,,.'-r in the
future. Some of thts development has oc.kired in t7a ricod plailo.

EFFECTS ON SOC IAL WEIL-B!',ING

In the short rtin, traffic, noise and dust will, all be significant ef-

fects. Each of the communities in the impac-t area may be affe-ted by
these in different ways. For the local proteetion project, the impact of
construction on traffic is important as it borders a major highway. The
construction of flood gates on Warwick Avenue may increase traffic dis-

turbance for a short period of time. The impact of the total construc-
tion activities on business could be significant where increased
construction activities could induce the public to shop elsewhere.

EFFECT ON REGIONAL DEVELOPMENT

All of the known and inviestigated effects under this account are
beneficial. Most of li-2se aspects have been mentioned earlier in terms
of creating other adve ,e or beneficial impacts. The short range impacts
will be limited to the phases of construction which will yield numerous

jobs tO the locally d.J?ressed construction trades. Through the multi-

plier effect more sers ice-type jobs will also be required. Long term

effects will be attributed tc, the fact that as some existing flood
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prone lands will now be substantially flood-free, industry is likely
to expand, again resulting in more permanent type job opportunities.
As more jobs become available, more people are likely to move into
the area to be near their place of employment. This will neces-
sitate more construction of homes and also, through the multiplier,
more service type jobs. As residential areas, previously flood
prone, are now dry, improvements can be made to an older home
without fear of losing the initial investment. This will result in a
more desirable type of community to live in and make the community

cohesion even greater.
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ELMWOOD AVENUE LOCAL PROTECTI'ON

This project would consist of a system of walls and dikes. It
would start at river mile 1.9 on the right bank in Warwick and be
approximately 600 feet inland due to lack of high ground. The
dike wonld proceed in i northeasterly direction running parallel
with the riv-er around the Norwood-Blmont peninsula, the reverse
direction !o the wos, cross Elmwood ,Yenute, and then tie into
high ground behind tle. present site WS .he American Lumber
Compan- TL would terminate about 1200 feet southwesterly of
Elmwood Avenue. An artists rendition of this project follows.
For plan, profile and typical sections of this area, see Plates
10 and i cf -he supplemental, hydrology report.

As tbit project protech .:esidential home 3 in d highly urban area,
curr.,Ir , idelines iall for the design of the structure to be
ba3ed on the qtandard Project Flood. Ntimerous cost estimates, all
based upon :tfferent design l.evels and/or c:onditions, have been
made throughout the condtict of this study. The most recent is
based iipon the Standard Project Flood as modified by Big River
Reser,'oir. For particulars on the design discharge, profiles
veloctties, height of protection and interior drainage, see the
supplementaL hydrology report, pages 11, 12 and 13.

Based on foundation conditions, and the ready avaiiabfi :ty of
large deposits o, glacial till, sand and gra:el, and suitable rock
from commercial and undeveloped sources, av earth fill embankment
with an impervious seepage barrier has been selected for dike
design. All dikes would have a top width of 12 feet with vertical
on horizontal slopes of 1.0 on 2.5 for the ri.erside and 1.0 on
2.0 for the landside. The dike slopes would be protected against

erosion with protection stone on the riverside slope and grass
cover on the landside. Foundation seepage would be controlled
through a toe drain with a collection pipe at the landside toe of
the drain. hs the foundation settlement of approximately 1.5 feet
would be anticipated in the loose inorganic silt in the upper

extremeties of the Elmwood Avenue Area, the embankment in this
area may have to be overbuilt in height to compensate for the
anticipated settlement. Unsuitable foundation materials within the
limits of the structure's, including topsoil could be removed and
where practical, would either be utilized as land fill for
reshaping low-lying areas behind the protective works or
appropriately disposed of.
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The concrete structures in the downstream portion of the Elmwood Avenue
area will bear on a pervious zone of silty sand gravel or silty
gravelly sand. As settleient would be practically instantaneous, no
foundation problems are anticipated for the pumping station. In the
upstream portion of this area structures will bear on loose inorganic
silt. To negate this effect, steel sheet piling would be driven to a
refusable depth of about -19 feet, N.G.V.D., with I walls atop the
piles.

The earthfill dikes and concrete walls measured along the centerline
axis would average about 16 to 18 feet. Wherever feasible, there would
be a minimum 20 foot buffer zone between the edge of the river and the
toe of the protective works allowing present natural environment to
remain. If there is not ample room for this 20 foot buffer zone as
different dike section must be used which has a 30 foot stabilization
berm to counteract the various forces.

Geotechnical Features

In the Elmwood Avenue area, along the upstream half of the project, the
foundation soil consists of about ten feet of flood plain deposits of
loose silty fine sand overlying a loose pervious layer three to five
feet thick of silty gravelly sand, and overlies a thick lake bed
deposit of loose grey to dark grey and grayish green stratified silt.
The density of the silt deposit varies with depth, from loose to very
loose to moderately compact. In the remaining downstream half of the
project, the foundation soil consists of two to eight feet of loose
silty fine sand overlying very pervious loose to moderately compact
silty sand gravel and silty gravelly sand. No evidence of bedrock was
encountered in explorations of 45 foot depth. The soil profile of this
area is shown on plate 4-5.

Real Estate Acquisition - Cost estimates for real acquisition in con-
juntion with the project proposal were evaluated on comparable data of

recent sale of residential, commercial and industrial properties within
the entire project area. A thorough search of records in the
communities to obtain names and addresses of affected owners, in
addition to interviews with appraisers, real estate brokers, local
officials, and knowledgeable people for obtaining and substantiating
data and value estimates were conducted. The real estate estimates as
developed by the investigation represent an unbaised judgement of the
present fair market value of affected properties within the project
area.

Total land acreage affected by the Elmwood Avenue local protective
works, would consist of 16.16 acres of land to be purchased in simple
fee, excluding temporary easements for general work areas including
space for minimal stockfilling :)f materials during construction. This
will amount to less than 5 acre;. This is broken down into the
following categories: commercial- 1.77 acres; industrial - 2.61 acres;
residential - 4.91; public - 6.64; wetland/water - 0.23 acres.
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Improvements or bullding3 tt) be purchased outright ,would involve 7
residenes, on the easterly s4AJe -,f the protective works. Relocation
of these res'dentia! dwellings could be accomplished at minimal costs
with least social disrupcion by moving the homtes within, but away
from the protectLie work3. As there Is in most cases, insufficient
available land' in some property to conform t,; single residence zoning
regulatiou!s, most .)f the involved homes could be relocated to city-
owned 'and :.Jiay from project alignment so as to satisfy local zoning
ordinances. floweve:', for purposes c.C thi.s study, outright purchase
of these sel: n dwellings is the co-&:visi red action with relocation
poteni lals to be considered in tue advanced design stage.

Tempocary easements, as a provision for providing space for the
storage of materials, equipment and contractor's work area during
construction, \2ould also be required. Required acreage has been
selected at ownerships that are unimproved lands but still contiguous
to tb'ht proposed permanent easenent areas,0 Co, of temporary easement
are predicated upon a fair retu:a o" invested capital (fair market
value? and a provision for estimatrid ecocs.:mic ta for the tise of the
land during tLe constcuction period. Tc.7ipora;:y easement would
involv:- about- 4.0 acres in Warwi:k

The highest and best use of ti-he required laind for the local
protective works in the Elmwood Avenue area is itz p 1: use,
primarily residential with a small portihu, c sifLed hevy
commercial and light industrial. Many of uh Zesidc;n i- lets are
variez! Ln size, comuprising low wetland aid have no physv cal access to
either public or private roads. in certal: ara, what c.-ppears to be
access roads on the assessor/'s maps are onl, proposed streets. In
the absence of flood plain zoning regulations and with adequate
sewage facilities, this area would be potentially available for
residential development.

The severance damages for the project proposal are estimated to be
about $40,000. Acquistion costs which inc~lude mapping and surveys,
legal description, title evidence, appraisals, negoti.atinns and
closing, and administration costs for possible condemnation and
relocation will affect 22 ownerships at a total estimated cost of
$66,000.

In accordance with Public Law 91-646, the Uniform Relocation
Assistance Act of 1970 "hich provides for uniform and equitable
treatment of persons '.splaced from their homes, businesses or lands
by a Federally-assist4d program, a total sum of $50,000 is estimated
to colrer possible re inbursab]e expenses which may be Incurred in the
acquisition program.
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To provide for possible .ppreciation of property values from the time
of this acquisition date, for possible minor property line adjust-
ments or for additional hidd' -wnerships which may be developed by
refinement of taking lines, for adverse condemnation awards and to
allow for practical and realistic negotiations, a contingency
allowance of 20 percent has been considered to be reasonably
adequate.

Total costs of lands and damages involving lands in fee and improve-
ments, permanent and temporary construction easements, severance
damages, relocation assistance and acquisition costs including
contingencies for possible appreciation of property value are
estimated at $650,000. These costs are shown below by category.

Lands and Improvements $350,000
(Fee/Permanent Easement)

Temporary Construction Easements 30,000

Severance Damages 40,000

Acquisition Costs 80,000

Relocation Assistance Costs 60,000

Contingencies $112,000
672,000

updated Dec 78 48,000
$720,000

Rights-of-Way - The rights-of-way lands pertaining to the Elmwood
Avenue local protective workq can be defined as an area generally
running parallel to project alignment with horizontal landward
distance, measur 3 from rear of walls or heel of dikes (landside toe)
giving minimum widths varying from 15 feet (due to building
constrictions) to 20 feet. The protective works would be offset a
distance of 20 feet, wherever possible, from the river's edge for
preserving the natural environment. The right-of-way would also
include lands within this buffer zone. They wou.0 extend the entire
length of the project including the peripheral land areas around the
pumping station and land paralleling the pressure conduit. Final land
disposition of partial parcels of lands acquired as severance damage
in order to comply with zoning regulations would be held in abeyance
for final design stage. Under no circumstances would the final
rights-of-way in these areas be less than the prescribed 20 foot
buffer zone strip.
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Relocation or modifi,.at!,u if plihite utilities, .iuch as power,
telephotio and gas linet; wrnuld be ,.nimal.

Loss of Taxes - Dis,:ssi.ons w1.th toval assessoLrs and a review of the
community records indir:ate the tax loss on fee simple taking, as a
result of the projectvi:uld be ahb,t $3500 per annum.

Construrtion Period -- This phase will run for two consecutive years.

As th2 city of Warwick would be fhe m,, single recipient of the
beneftq from the Elmwood Avenue pVCotective works, it would be respon-
sible fr its maintenance and operation. These functions would be
limited to the normal upkeep of i.,!e dikes and walls including the
remainiag project are3s, rwTi pressure conduit aad gravity gated outlets
and operation of the pi crping station, all in accordance with prescribed
regulations established by '1ic Secretary cf the Army. These local costs
have been estimated- tfi e about o!)00 aitaual!y.

Major Replacements .- ls would incliide an allowance for project items
deemed to have a usabl. life less Lchan that of the project. Major items
considered within thit; -3v-7e7o tticluded 3,luice gates at the diversion
intake, gates of gra'vit:7 outlets, and pumps at pumping stations in-
cluding electrical ani meehlaicai features. From previous experience
with similar proje-.ts, it is assumed that, on t]e avrr:!e, major re-
placements would occur every 25 years and 90 rri ,oat ol these replace-
ment itemi would be required. These are eotimated t, ibe $2000 for the
local protective works.

The cost estimate fir the Elm-ood Local Protectlie works is shown on
Table 4-13, along with the cost of the lands and damages. Asuming a

construc tion period of two years: the annual. char:ges at 6-5/8% are as
follows:

Total Project First Cost $7,500,000
Interest during costruction __ 476,900

7,996,900
Interest plus amortization 530,700
Operation and maintenance 6,000
Interim replacements 2,000
Loss of Taken Lan] 3,500

$ 542,200

The total annual ben< ts using methodology described in appendix 7
and ittilizing ER 1105--2-35! are tabulated as follows;

Basic hydrologic benefits $344,400*
Location benefit 0
Economic growth 1972-1985 0
Economic growth 1985-2035 50,000

*using damage survey of March-April 1979 $394,400

Thus, the benefit to 'ost ratio is 0.73 for this single purpose measure.
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TABLE 4-13
COST ESTIMATE

Elmwood Avenue Local Protection

Elmwood Unit
Avenue Cost Total

Preparation of Site I LS $ 40,000
Control & Diversion
of Water 1 LS 5,000

Common Excavation 42,000 $ 4.70 197,400
Protection Stone 24,000 35.00 840,000
Crushed Stone 10,000 9.00 90,000
12" Gravel Bedding 17,000 9. 01 153,000
Compacted Gravel Fill 9,000 8.0 72,000
Compacted Impervious

Fill 41,000 6.00 246,000
Compacted Sand Fill 3,000 6.00 18,000
Compacted Pervious 75,000 6.00 450,000
Fill

Topsoil 2,000 8.00 16,000
Seeding 11,000 0.60 6,600
Concrete T walls 3,300 140.00 462,000
Concrete I Walls 200 140.00 28,000
Concrete Gate Struc- 600 140.00 84,000
t ure s

Cement 27,000 3.00 81,000
Reinforcing Steel 602,000 .50 301,000
Steel Sheet Piling 8,000 9.50 76,000
8" BCCMP 5,000 6.00 30,000
Street Gate 1 LS 75,000
Interior Drainage ILS 129,000
Pumping Statton 1LS 580,000
Pressure Conduit 1LS 115,000

$4,095,000
20% Contingencies 819,000

$4,914,000
E & D - 15.0% 737,000
S & A - 9.3% 457,000

6,108,000
Updated to September 1978 Price Level 6,800,000
Lands and damages 720,000

$7,520,000
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PAWTUXET RIVER FLOOD CONTROL

t HYDROLOGIC ANALYSIS

1. PURPOSE

The purpose of this report is to present the hydrologic data and

analysis for flood control on the Pawtuxet River. Included are sec-

tions on basin description, climatology, analysis of floods and hy-

drologic engineering related to the plans of improvement for flood

control.

2. BASIN DESCRIPTION

a. General. The Pawtuxet River basin shown on plate 1 lies

entirely within the State of Rhode Island and covers a total area

of 230 square miles. The basin is triangular in shape with a north-

south base of 23 miles and an east-west length of about 18 miles.

Drainage in the basin is generally west to east and the watershed has

a variable hydrologic character. The westerly headwater region is

quite hilly with little urban development, whereas the lower easterly

portion is very flat and quite highly urbanized. The water resources

of the westerly headwater region have been extensively developed for

domestic and industriai water supply. Scituate Reservoir with

a surface area of 3,400 acres at spillway crest and a drainage

area of 93 square miles, is the dominating water supply system

in the region. There is little water resource development in

. . . . .. . .. .. - ... .. .. .. . . .. . .. , , ,, .... . . .1 , . .. .



-the lower basin. Elevations in the basin vary from a high of about

900 feet msl at the westerly divide to a low of 10 feet msl near the

mouth of the river.

b. Main River. The main stem Pawtu-xp River originates at the

confluence of the North and South Branches at River Point in West

Warwick, Rhode Island. It then flows northeasterly between low banks

for 10.9 miles to its mouth in Pawtuxet Cove. The river averages

about 100 feet in width and about 4 feet in depth throughout its length

and has an average slope, excluding drops at three existing run of

river dams, of approximately 2.6 feet per mile. From its origin to

the mouth the river has a total fall of about 50 feet. Originally.

approximately 3 miles of the lower reach of the river was a tidal es-

tuary until the construction of the Pawtuxet dam near the mouth of the

river in 1870 to prevent salt water intrusion. In the lower reach the

main river is joined by two other tributaries from the north, Meshanti-

cut Brook and Pacasset River, at river miles 9.0 and 3.8, respectively.

The river profile is shown on plate 2.

c. Tributaries.

(1) North Branch. The North Branch of the Pawtuxet River has

a drainage area of 106 squarp miles and originates at Scituate Reser-

voir. Kent Dam, which forms the Scituate Reservoir, has a drainage

area of 92.8 square miles. From the tailwater of the dam the river

flows for 6.8 miles in a general southeasterly direction and falls
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145 feet. In this reach, it ilows through a succession of seven small

run of river dams and pcols to its junction with the South Branch at

River Point. The river profile is shown on plate 3.

(2) South Branch. The South Branch of the Pawtuxet River,

with a drainage area of 73.0 s;quare miles, originates at Flat River

Reservoir dam which has a drainage area of 56.7 square miles. From

tailwater the river flous in a general northeasterly direction for 9

miles and falls 185 feet to its junction with the North Branch at

River Point. Within this reach, the river meanders through marshes

and a series of small storage ponds created by 11 mill dams. The

river profile is shown on plate 3.

(3) Meshanticut Brook. Meshanticut Brook, with z drainage

area of 15,0 square miles originates and flows generally scutherly

through the city of Cranston, Rhode Island to its confluence with the

Pawtuxet at river mile 9.0. The river has a total length of about 6.5

miles and falls about 220 feet in the upper 2.9 mile reach and only 48

feet in its lower 3.6 mile reach. Development in the watershed varies

from sparse in the upper basin to moderate in the lower basin.

(4) Pocasset River. The Pocasset River, with a drainage

area of 20.8 square miles, originates in the town of Johnston and flows

in a southeasterly direction through the city of Cranston, Rhode

Island. In its 11.6 miles distance, it falls 275 feet to its junction

3



with the Pawtuxet River at river mile 3.8. In its course, the river

falls 200 feet in its first 5-mile reach and 75 feet in its remaining

length. The Pocasset River watershed is in the more highly developed

areas of the Pawtuxet River basin. Pertinent data on the Pawtuxet

River and its tributaries are given in table 1.

TABLE 1

PAWTUXET RIVER PERTINENT DATA

Distance
Above Total
Pawtuxet Drainage

Name of Stream Dam Area Lenqth
(river miles) (sq. mi.) (miles)

Pawtuxet River 0.0 230.4 10.9

Pocasset River 3.8 20.8 11.6

USGS Gage 4.5 200 -

Meshanticut Brook 9.0 15.0 6.5

North and South Branch
Confluence 10.9 179.0

North Branch 10.9 106.0 6.8

Kent Dam (Scituate 17.7 92.8
Reservoir)

South Branch 10.9 73.0 9.0

Flat River Reservoir 19.9 56.7

3. CLIMATOLOGY

a. General. The Pawtuxet River basin has a variable climate but,
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due to its proximity to Narrangansett Bay, escapes the severity of cold

and depth of snowfall experienced in the higher elevations of the in-

terior areas of New England. It frequently experiences periods of

heavy precipitation produced by local thunderstorms and by intense

"lows" of tropical and extra-tropical origin that move northeasterly up

the coast. The basin also lies in the path of the prevailing "wester-

lies" which generally travel across the country in an easterly or

northeasterly direction producing frequent weather changes.

b. Temperature. The average annual temperature of the Pawtuxet

River basin is about 500 Fahrenheit. Extremes in temperature range

from occasional highs of 100°F. to lows of -lY Fahrenh~eit. Freezing

temieratures may be expected from the latterii part of 0 rt,)e- until the

middle of April. The mean, maximum and minimum monthly did annuz1

temperatures for the period of record at Providence are shown in table

2.

c. Precipitation. The mean annual precipitation over the Pawtuxet

River basin varies from about 40 inches in the lower coastal areas to

about 48 inches in the uplands. The distribution of the precipitation

is quite uniform throughout the year. However, extremes in monthly

values range from a high of more than 12 inches to less than 0.20 inch

on several occasions. The monthly and annual precipitation at Provi-

dence, representative of the lower coastal area, are shown in table 2.
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FABLE 2

MONTHLY TEMPERATURE-PRECIPITATION

AT PROVIDENCE, RHODE ISLAND

Temperature Precipitatior,
40 Years of Record 40 Years of Record

Month Rean Maximum* Minimuim* Mean Maximum Minimu-m

January 29.3 65 -9 3.59 7.12 0.50

February 29.3 65 -15 3.23 5.63 1.31

March 37.5 86 1 3.67 8.31 1.49

April 47.5 37 14 3.55 7.32 0.72

May 57.8 94 29 3.10 9.25 0.57

June 66.9 97 39 2.91 7.21 0.04

July 72.6 99 46 3.05 6.92 0.24

August 70.8 100 40 3.58 12.24 0.82

September 63.8 99 32 3.25 9.74 0.77

October 54.0 88 21 3.00 11.89 0.16

November 43.4 81 12 3.65 8.50 0.67

December 32.4 69 -11 3.74 10.75 0.58

ANNUAL 50.4 100 -15 40.32 58.57 25.44

*Based on 31 Years of Record 1940-1970
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d. Snowfall The average annual Snowfall over the Pawtuxet River

basin, shown in table 3, is about 40 inches. Water content of the snow

cover usually reaches a maximum about the first of March but rarely

exceeds 2 to 3 inches due to the moderating effect of Narragansett

Bay.

TABLE 3

MEAN MONTHLY SNOWFALL

AT PROVIDENCE. RHODE ISLAND

Elevation 51 Feet MSL
40 Years of Record
(Depth in Inches)

Month Snowfall

January 10.2

February 10.5

March 7.8

April 0.5

May 0

June 0

July 0

August 0

September 0

October T

November 1.3

December 7.8

Annual Average 37.50 Inches
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4. STREAMFLOW

The U.S. Geological Survey maintins six stream gaging stations

within the Pawtuxet River watershed. Pertinent data for the six

stations is summarized in table 4 and the locations of the stations are

shown on plate 1. One of the stations is located on the main stem of

the Pawtuxet at Cranston and a second, on the South Branch downstream

of Flat River reservoir at Washington, Rhode Island. These two main

river gages have both been in operation since about 1940. The remain-

ing four gages are located on headwater tributaries.

Average annual runoff from the Pawtuxet watershed is about 27

inches or approximately 60 percent of average annual precipitation.

Monthly runoff at the two main river gages is shown in table 5.

5. TIDES

a. General. Two high and two low tides occur each lunar day in

the Narraqansett Bay area with a mean high water of 2.47 feet msl and

mean low water of -2.13 feet msl at Providence. Predicted tidal data

are given for 16 locations in the Narragansett Bay area in the annual

Tide Table Publication of the U.S. Department of Commerce, National

Oceanic and Atmospheric Administration, entitled "Tide Tables, East

Coast of North and South America".

b. Storm tides. The Pawtuxet dam, constructed at the mouth of

the river in 1870 with a crest elevation of 5.3 feet msl, prevents

8



TABLE 4

GAGING STATION RECORDS
PAWTUXET RIVER WATERSHED

Drainage Period of Discharge (cfs)
Gaging Station Area Reco'd Mean Maximum* Minimum

(sq. mi.)

Misquitahawk Brook nr. 3.06 1965-present - 630 -
No. Scituate, R.I.

Nooseneck River at 8.23 1963-present 14.9 318 0.81
Nooseneck, R.I.

Carr River at 6.73 1963-present 9.1 221 0.30**
Nooseneck, R.I.

So. Br. Pawtuxet R. at 63.8 1940-present 126 1,860 2.8
Washington, R.I.

Furnace Hill Brook at 4.19 1965-present - 586 0
Cranston, R.I.

Pawtuxet River at 200 1939-present 393 3,110 22**
Cranston, R.I.

*Maximum recorded flow occurred 18 March 1968
**Minimum daily flow

9



TABLE 5

MONTHLY RUNOFF
(In Inches)

Pawtuxet River at Cranston South Branch Pawtuxet River
Rhode Island at Washington, Rhode Island

(D.A. = 200 square mile) (D.A. = 63.8 square mile)

Month Mean Maximum Minimum Mean Maximum Minimum

January 2.98 6.56 0.78 2.83 5.84 0.69

February 3.15 7.38 1.34 3.02 4.54 1.33

March 4.57 7.47 2.56 4.25 6.64 2.66

April 3.86 7.01 1.24 3.83 6.49 1.22

May 2.65 5.38 1.34 2.81 5.61 1.24

June 1.40 3.96 0.24 1.61 4.37 0.49

July 0.77 2.52 0.002 0.94 2.29 0.28

August 0.78 3.43 0.06 0.88 2.81 0.29

September 0.86 4.96 0.11 0.91 4.16 0.28

October 1.09 6.48 0.20 1.21 5.81 0.45

November 2.01 5.74 0.43 1.97 5.85 0.50

December 2.81 5.99 0.67 2.77 5.63 0.66

ANNUAL 26.82 39.21 12.75 25.94 40.63 12.64
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t normal tides from affeci-ing the lt-'tn I awtu:'et River; however, the dan

is overtopped by abnormai s;torm tides. The lower Pawtuxet River is

therefore subject to flooding fram either fresh water flow or storm

tides, or a combinaLion of the two. !:eV two greatest tides of record

in recent years occurverd as a result o i. ri.aries in Septembe.r 1938

and August 1954. The maximun tid1l le., at Froidence during these

two events was 15.7 and 14.7 feet above mA], rc-pectively.

c. fr e _.b:'oormal tides. lhe ire(lrncies if abnonl

tides in Narragansett Bay, in the vi:i nity of the mouth of the Paw-

tuxet River, were developed by the Corps or' Encg:neers in 1960 in

connection with the design o! the Fn Point hurricanc halrier cit

Providence. Tide fr.quencies were hased (in ?h) yeav- :f ".ontinuous rec-

ords plus historical accounts of earli er storm 1ide •',ir'.:1 bacl, to Ohe

year 1635. The resu! tir-q tidP tre-li;;ov o, ,,r i,, !,howrn on plate 1.

Abnormal tide y,:.-e1s upst-xoalI of t~ho ,,i:,-t ,i. ale 'w w''a I lv abc'rt

2 •reet lower then in the h)y dut, t o the .',"rauii(: ,,striction posed .'

the dam. 1he project d,,,-in burricw, tide frnr the Fox P,nt hurri-

cane barrier, located .just north of the ;i..uth of the Pawtuxet River.

was 20.5 feet above wnsI. It WaS conCILud(71 tha:t a comparable storm

tide upstream of Pawt.uxi dam would he aho i. 1P.5 feet nmsl.

5. ANAL.YSIB OF i.OOs)5

i. General . Ilip flood Ii1.v'ry o1 l.h: l,.-,,tux:f River dic Istr it_.



that major floods can occur any s~ason of the year as a result of in-

tense rainfall alone or in comKr Ytion with snowmelt. Flat River and

Scituate reservoirs exert control over 66 percent of the Pawtuxet

watershed and Scituate in particular his a significant modifying

effect on flood development in the Pawtux' L asin. Pertinent data on

Scituate and Flat River reservoirs is listed in table 6. The magnitude

of fresh water floods on the main stem Pawtuxet are a function of:

(1) storm rainfall and resulting runoff from the 80.9 square miles of

watershed downstream of the reservoirs and (2) the initial storage

capacity in the reservoirs and the resulting magnitude and timino of

discharges from the reservoirs. Floods are also produced on the lower

Pawtuxet by abnormal tides in Narragansett Bay. Following are discussions

of some of the more notable floods that have occurred in the 19th and

20th centuries.

b. Historic floods.

(1) 22-23 September 1815. An abnormally high tide of 14.2

feet above msl in the Providence area resulted in extensive coastal

flooding. It is reported that vessels were driven from their moorings

and many wharves, stores, houses and barns were destroyed. There was

apparently a relatively insi(Inificant amount of coincident rainfall-

runoff associated with this ;Lorm. Though flooding was undoubtedly

extensive in the lower Pawtixet River, destruction was minimized by the

lrk of development in the flood plain at this date.

12



TABLE 6

SCITUATE AND FLAT RIVER RESERVOIRS
PERTINENT DATA

Scituate Flat River

Drainage Area (sq. mi.) 92.8 56.7

Spillway Length (feet) 412 169

Spillway Elevation (ft rsl) 284 248

Top of Flashboards (ft wsl) 285.5 N.A.*

Storage Capacity

Spillway Crest (acre-feet) 113,600 5,150

Spillway Crest (inches) 23 1.7

Top of Flashboards (acre-feet) 118,500 N.A.*

Top of Flashboards (inches) 24 -

Surface Area at Spillway Crest (acres) 3,400 850

Top of Dam Elevation (ft msl) 298 256

*Not applicable
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(2) 11-14 February 1885 This flood was the greatest ever

known on the main stem Pawtuxet River, resulting from 7 to 8 inches

of rainfall over the basin augmented by snowmelt with an estimated

water equivalent of 2 inches. Experienced flood levels were 6 to 7

feet higher then any other known flood bef,--e or since this event.

There were no record of flows on the main stem but previous studies by

the Corps estimated the discharge of the river was about 14,000 cfs in

the vicinity of the present USGS gage site in Cranston.

Scituate Reservoir was not in existence at the time of this

flood. If it had been built and initially filled, it is estimated the

resulting flood at Cranston would have been modified to about ll,000.

cfs. A recurrence of such a flood today, with present levels of develop-

ment in the lower basin would result in a catastrophic type disaster.

(3) 2-4 November 1927. The heaviest rainfall associated with

this major storm system occurred outside the Pawtuxet basin. Rainfall

amounts varying from 2 to 7 inches were reported within the watershed.

Scituate Reservoir stored 100 percent of the runoff from its water-

shed and only a minor flood freshet develoDed in the lower basin.

(4) 9-21 March 1936. The New England floods resulting from

this storm were caused by a combination of heavy rainfall, deep snow

cover, and unusually high temperature for the season. Rainfall in

14



the Pawtuxet basin was about 3.4 inche for the period 9-12 March and

3.1 inches for the period 18-22 March. Water equivalent of the snow

cover, which vas depleted during the period, was estimated at about 1

i tch.

The flood was significantly nidified by storoge capa :ity

initially available in the upstreaw reservoirs and the resultinq reak

flow of the Pawtuxet River in the vicinity of the present USGS gage in

Cranston was estimated at about 5,300 cfs.

(5j 18-24 July 1938. This flood was the greatest experienced

on the main s.t.. Pawtuxet sin(e the construction of Scituate Reservoir

in 1926. It was the result of a coastal stona pro'owix.inq an average of

7 inches of rainfall over the Pawtuxet basin. ihi, eent o(.currpd at

e, time when both Flat River and Scituate reservoirs wcre inilali,

almost full- therefore, the only modifvirf q effect was that e&ie to

surcharge storage. rhe '-esulting peak discharge at Cranston has been

estimated at about 6,300 cfs. The flow components making up the July

1938 flood hydrograph at Cranston are graphically presented on plate 6.

(6) 17-22' epternber 1938. The hurricane of September 1938

Produced an abnormal tide level in Narragansett Bay of 15.7 feet above

insl in the vicinity of the mouth of the Pawtuxet River. This tide was

lh,? feet above the crest ot the Pawtuxet dam and resulted in

A itensive tidal flooding in the lower reaches of the Pawtuxet River. The



rainfall of the preceding four day averaged 5 inches over the Pawtuxet

watershed, but upstream reservoir levels were low and Pawtuxet River

flows were not considered a major contri!,utor to experienced floods.

(7) 31 August 1954. Hurricane "Carol" passed over the west-

ern portion of the basin creating abnormally nigh tides to elevation

14.7 feet above msl in Narragansett Bay near the mouth of the Pawtuxet

River. The overtopping of Pawtuxet dam resulted in flood

stages to approximately 12.5 feet msl upstream of the dam. Wind gusts

over 100 mph were recorded at Providence during this hurricane. Pre-

cipitation associated with this storm was only about 3 inches over the

basin and fresh water flooding was not a major factor.

(8) 17-18 March 1968. The 1968 event was produced by 4 to 7

inches of rainfall occurring in a 48-hour period. A preceding storm on

the 12th and 13th of the month plus some snowmelt provided high ante-

cedent runoff conditions. The resulting peak discharge at the USGS

gage in Cranston was 3,110 cfs which was the greatest flow recorded

since establishment of the gage in 1939. Though flood damages were

not major, the event occurred following a period of very intensive de-

velopment in the lower basin, and brought attention to the great flood

damaqe potential to which moot of this development was exposed. The

1968 flood discharge on tt.u main ctem Pawtuxet River was significantly

modified by storage capacity initidily available at Scituate Reservoir.

16



9 Had this reservoir been initially filled it is estimated the peak flow

at Cranston would have been about 6,500 cfs or comparable to the ex-

perienced July 1938 flood when reservoirs were initially full.

Detailed analysis of the development of tte March 1968 flood

is graphically presented on plate 5. Pertinent data on the effects of

Scituate and Flat River Reservoirs on historic floods is summarized in

tables 7 and 8.

7. FLOOD FREQUENCIES

a. General. Flood frequencies for the Pawtuxet River were de-

rived through analysis of historical flooddischarge data within the

basin, both recorded and computed, as well as by compa'iton with long

terf' discharge records of streams outside the basin but in the general

region. Peak discharge frequency curves were developed for (1) the

Pawtuxet River at Cranston, (2) the South Branch at Washington (3) the

uncontrolled 50.5 square mile local area downstream of the Flat River

and Scituate Reservoirs to the Cranston gage and (4) the 30.4 local

from the gage to the mouth of the river.

b. Pawtuxet River. Because of the complexity of the effect of

upstream reservoirs on floodflows on the main stem Pawtuxet, conven--

tional statistical flood Frequency analysis of the data was not con-

sidered applicable. Instead, recorded annual peak flows and histori-

cal flood peaks were plotted using "Beard's" plotting positions and a

17
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composite frequency curve was fieted .i the plotted data as shown on

plate 7.

c. South Branch. A dicharge frequency curve for the South

Branch at Washington, Rhode Island was developed by statistical anal,-

sis using the annual peak flows for 33 yea, of record, plus the addi-

tion of the estimated peak flows for the 1936 through 1938 water years.

Thus the analysis was made using 36 annual peak flov. A Log Pearson

type analysis was made in accordance with procedures prsented in

"'Statistical Methods in Hydrology" by L. Beard dated January 1962. The

basic statistical data is listed in table 9.

d. Locals. The peak discharge frequency curves for the unmodi-

fied 50.5 square mile local downstream of Flat River and Scituate Res-

ervoirs and the 30.4 square mile local downstream of the gage were de-

veloped by relating the computed 1968 flood contributions from the

areas with similar gaged watersheds, namely Kettle Brook and Branch

River in the neighboring Blackstone River basin. Statistical data de-

veloped for the gaged streams and that adopted for the local watersheds

are listed in table 9. The adopted discharge frequency curve for the

Pawtuxet River at Cranston is shown on plate 7.

e. Flood stage frequ , ies. Flood stage-frequency curves, for

use in damage-benefit anal,.ses,, were developed aL various index stations

using the discharge frequenj information just discussed in conjunction

20



oO0c C C> C) C C) C C.)
4--c\. In Ci U ) C C: C) C U-) qr

(1)4-.) al- 00 "~ Lx) CD LO 00 m C-3 to

a)-C C) C'J C) 1; C'
+

4- 4-) C> 0 C 0D D C) C
- n 1-rl C-) 0o CD 0D 0D 0D CD

VOCW (0ac .) C0 C\~i Ult 0 tD m~ U) O

4- 0 '0 1) m" 0D C) LO Kr C') Cli; -
(3-'-1C 0 LO +
0

-o

10) *i U-1 C) CD CD- CDJ CD C*t
*n "al a a a- U-

0o d) C ' 0; C C') Cl;-

4-) --4 G)
4-' L0 U

co3

L)

C) to C 0 0
.1 Do Ca C'D C) 0 CU) 0 C: C

LU~ CyJ0 Ch , CMi CC L') n CD) 00

CO CO S *c 4 a a a
'~ .. 04-3- (n + 0 I) C) C) C

WU C tn4-)

C.) coLL.
U')

0>

tD C o) C ) IS) C D C C) a 1
cc4. M ' C M 00 C C C C- CD -

U') r-+i t l m t

to 4-

Uf) (0

In
9+-

4-) 4) a) a) 0) a) 0)

'V 0 0- 0T 0r 0
a) > B 0L) 0) 03 I 0 ) 03 U
S- C: 03 0) S. L- $.. S. - I- L

.T m C3 -.14 LL- IL U- IL- L LL- U

03 I- i
a' ~ ~ ( to. tor 1 0 1

ad 4- a) a) 0) 0 0 3 )

C, 01 'a 0- C- C) 0 ' S

S- 0 4-)'aV C Ln M

21



with developed stage-discharge rating turves. The rating curves were

developed from backwater studits wiiich are discussed under section 9,

entitled, Flood Profiles. In the reach of the river affected by flood

tides, composite stage frequency curves were developed reflecting tide

and fresh water flooding. For example if a .ven flood level was ex-

pected to be reached 10 times in 100 years by fresh water flooding and

5 times per 100 years by flood tides then the composite curve would

indicate flooding to this level 15 tilnes per 100 years.

Modified stage frequency curves for various plans of improvement

were similarly developed using the modified discharge frequencies and

appropriate rating curves.

f. Effect of future urbanization. In allowing for future develop-

ment in the watershed it was estimated that flood discharge frequencies

would increase 10 percent between the present and 1990 and another 10

percent between 1990 and 2020. Such an estimate cannot be precise but

was based on interrelations in New England between population density

and land use, land use and percent impervious cover, and percent

change in impervious cover and percent change in peak runoff. A

Treatise on this subject entitled, "Effect of Urbanization on Peak

Runoff" was prepared by the - England Division in June 1973 in con-

nection with a South Eastern New England regional study. Reference is

also made to "Effects of Watershed Changes on Streamflow," Water Re-

3oUU,'es Symposium No. 2, University of Texas Press, 1969.
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Population projections for the region were developed in 1972

by the Bureau of Economic Analysis of the U.S. Department of Commerce.

Based on this data it is projected that the population density in the

Pawtuxet basin will increase from 315 per square mile in 1970 to 540

per square mile in 1990. This growth is expected to result in a 50

percent increase in impervious cover from about 8 to 12 percent and

result in a 10 percent increase in peak discharge. At least a com-

parable percent increase is expected between 1990 and 2020.

8. STANDARD PROJECT FLOOD

a. General. The standard project flood (SPF) represents the

flood discharge that may be expected from the most severe combination

of meteorologic and hydrologic conditions that are considered reason-

ably characteristic of the region, excluding extremely rare combinations.

The SPF represents a "standard" against which the flood potential of a

river can be judged, as contrasted to an analysis of flood records

which may be misleading due to abnormal sequences of events during the

period of record. The SPF for the Pawtuxet River was developed using

standard project storm rainfall, as described in EM 1110-2-1411, and

unit hydroqraphs derived from analysis of recorded floods in the basin.

b. Rainfall. The standard project storm was oriented over the

Pawtuxet watershed with its center near the junction of the two branches

with its long axis running in a southwest to northeast direction. The

storm pattern is shown on plate 8.
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The standard project storm, index r. infall for 24 hours over a 200

square mile area is 11 inches. ". summary of the adopted standrad proj-

ect storm contribution for a orainage area of 200 square miles is as

follows:

Inches

SPS Rainfall (24 hrs) 11.0

Losses 2.3

Rainfall Excess 8.7

Maximum 3-4our
Rainfall Excess 5.3

Losses were assumed at the rate of 0.1 inch per hour which is

consistant with minimum losses determined in previous Corps of Engineer

studies for the New England area. The rainfall over each tributary

and local area was obtained by planimetering between the isohyets and

respective watershed divides.

c. Unith drora phs. Unit hydrographs were derived, through

,inalysis of the March 1968 flood, for the watersheds of (1) Flat River

Reservoir, (2) Scituato Reservoir and (3) the two downstream local

areas. The peaks of a11 dev( ;ed unit hydrographs were increased 25

pevcent, in accordance with IM iii-2-1405, to reflect the increased

runoff rates expec.ted wder standard project storm conditions. A

Lyoical unit hydrograph development is shown on plate 5.
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d. Standard project flood. Rainfall excess was computed for each

subwatershed and applied to the adopted unit hydrographs. The result-

ing hydrographs for Flat River and Scituate Reservoirs were routed

through surcharge storage assuming the reservoirs initilly filled to

spillway crest. The resulting outflow hydrographs were then routed

downstream and combined with the component hydrographs from the local

areas. The development of the SPF for the Pawtuxet basin is graphically

illustrated on plate 8.

9. FLOOD PROFILES

Flood profiles for the mainstem of the Pawtuxet River are shown on

plate 2. Profiles were computed by stardard backwater procedures

using a minimum of surveyed cross sections of the river and the computer

program,HEC-2, developed by the Hydrologic Engineering Center in Davis,

California. The computer model was calibrated, to the extent possible,

against historic flood elevations. In many instances the computed pro-

file for a historic flood discharge was somewhat higher than observed

and this was attributed largely to reduced hydraulic capacity of the

river due to accelerated development. Backwater computations were made

for a range of both natural and modified floods using a Manning's n

of 0.05 for channel and 0.08 for overbank. Assumed contraction and

expansion loss coefficients were 0.3 and 0.5, respectively.

10. NATICK DIVERSION

a. General. The Natick Diversion, as part of a flood system for
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the main stem Pawtuxet River, would divert floodflows from the Pawtuxet

River at Netick (river mile J.75) via deep rock tunnel to Apponaug Cove,

a distance of about 13,000 feet. Plans and profiles of the diversion

structures are shown on plates 9 through 12. Hydrologic engineering

features of the arious components of the roposed diversion are dis-

cussed in the following paragraphs. Hydraulic analysis made dLring

plan formulation was general in scope. More detailed analysis, prob-

ably including model studies of some of the more complex hydraulic

structures, will be required in final design.

b. Diversion tunnel. The tunnel will be 30 feet in diameter and

approximately 13,000 feet long. Depending on quality of rock the

tunnel will be either concrete-lined or smooth-bore unlined with a hy-

draulic roughness comparable to concrete. The invert of the tunnel at

the upstream end will be -75 feet msl and will slope at 0.0104 feet per

foot to elevation -210 feet msl at the outlet. With the design dis-

charge of 13,000 cfs the velocity of flow in the tunnel will be 18

feet per second. The hydraulic capacity of the tunnel was computed

using a Manning's "n" of 0.015.

c. Diversion inlet. The inlet to th, tunnel will be a "morning

glory" type spillway atop f, -foot diameter vertical shift. The in-

let will he located in the Pawtuxet River just downstream of the exist-

ing Natick dam. The lip of the morning glory with a circumference

of 121.9 feet will be at elevation 38 feet msl approximately

10 feet above the existing riverbed. Regulation
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of flows to the diversion will be accomplitied by the construction of

a regulating dam just downstream of the inlet. This dam will contain

two 8x8 foot regulating gates and a 115 foot long emergency overflow

weir at elevation 48.0 feet msl. The gated outlets will permit passage

of normal iverflows. Closing the qites will cause the water rise and

enter the inlet to the diversion tunnel. Throttling the gates will

allow the diversion to be self regulating for Pawtuxet River flood

control. The lip of the morning glory spillway will be a hydrualic

control for flows up to approximately 12,000 cfs, with a required head

pool elevation at the inlet of about 43.5 feet msl. With flows greater

then approximately 12,000 cfs the inlet will become submerged by tunnel

backwater and the hydraulic control will switch to the tunnel outlet.

With the head pool at elevation 48 feet msl, the diversion will be

capable of discharging 13,000 cfs for all tides up to about +10 feet

msl. Approximately 11,000 cfs could be dferted with a tide as high

as 20 feet above msl. Plans of the inlet are shown on plates 10

through 12.

d. Diversion outlet. The outlet of the diversion tunnel will con-

sist of a 30-foot diameter vertical shaft transitioning to a 114-foot

long horizontal apron. A plan and profile of the outlet is shown on

plates 11 and 12. Th, outlet end sill will be at elevation -4 feet

msl and equipped with stop log piers to permit evacuation of the

tunnel if necessary. Under design discharge conditions, and for all
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tides below approximately +10 feit msl, th-e 90-foot clear span between

the piers on the end sill will be the hydraulic control. Flows exiting

the outlet are directed away from shore towards the existing Federal

navigation channel An apron of riprap will be placed at the outlet

exit to prevent excessive scour from diversion- during periods of low

tide. With a design flow of 13,000 cfs the velocity in the vertical

shaft will be approximately 18 feet per second. Water surface at the

top of the shaft would rise to near the energy gradient of +10.0 feet

msl and then drop to about critical depth elevation of +6 feet msl through

the piers on the outlet sill. Critical depth and velocities through the

piers on the end sill, with a flow of 13,000 would be approximately 9 feet

and 18 feet per second, respectively. Head loss through the outlet

structure, including one veloci-y head, was estimated to be approximately

7 feet.

e. Apponaug Cove. Outlet discharges from the diversion tunnel

will flow through Apponaug Cove a distance of approximately 4,500 feet

tc the ocean. Hydraulic head loss and velocities through the cove would

be a maximum with diversion during low tide. Hydraulic head loss and

maximum velocity in the navigation channel through the cove for differ-

ent tides and diversion rates are listed in table 10.

f. Effects of Diversion. The effects of the Natick diversion on

downstream flooding on the Pawtuxet River is summarized in table 11.
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TABLE 10

APPONAUG COVE HYDRAULICS

Maximum

Head Loss Velocity in

Tide Level Diversion Rate in Cove Channel

(ft ms 1) - -(ft) ft/sec)

Mean low witer 13,000 3.0 8.0

-1.9 , 'O0 1.5 5.5

3,000 0.4 2.3

Spring tide

+3.6 13, 0.4 4.4

8,000 0.2 ?.7

3,000 Neql iqihle l.

10-year frequency 
tide

+3.6 13,non) 0.2 2.7

; j , o n o N ( q I 1 (1 b I e1 .r

Npql iqible 1.
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9 Flood levels would be genera'ly reduced from 3 to 6 feet and the

standard project flood would be reduced generally from 5 to 10 feet.

Modified flood profiles are shown on plate 2. Modified flood stages

a-d frequencies downstream of the diversion are a function of

(1) hurricane tides, (2) runoff from the downstream uncontrolled

watershed area, and (3) some spillage at the diversion during the

rarest of floods. The modified profiles were determined by back-

water computations using the modified flood discharges.

11. WARWICK LOCAL PROTECTION (Warwick Ave Area)

a. General. As previously discussed, properties on the Pawtuxet

River flood plain near the mouth of the river are susceptible to flood-

ing from either abnormal tides in Narraganset Bay or fresh water flows

of the river. The Natick diversion will greatly reduce the frequency

and magnitude of fresh water flooding but the Warwick Ave Area Local

Protection Project is required to protect the Warwick Industrial Park

against residual tidal and fresh water flooding. The project consists

of about 6,000 linear feet of dikes and walls, 2 street opening structures,

approximately 1,000 feet of channel relocation, ani two pumping stations

for removal of interior drainage. The project will provide protection

to approximately 150 acres of industrial and commnercial areas.

b. Design Flood Criteria. The dikes and walls were designed to

protect against the severest of the following criteria: (a) a modified

standard project flood on the river coincident with a 100-year frequency
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tide in the bay and (b) a standard project tide in Narraganset Bay.

A general plan of the project is shown on Plate 13.

The design tide levels upstream of the Pawtuxet dam were reduced

2 feet from those in Narraqanset Bay to reflect the modifying effect

of the dam as was discussed in Section 5c. The standard project and

100-year frequency tides in the bay are 20.5 and 16 feet msl, respec-

tively; therefore, comparable levels upstream of the dam are 18.5 and

14 feet msl, respectively. The governing criteria for the dikes and

walls were, for the most part, the standard project tide level of 18.5

feet msl. The design flood level for the project varied from 18.5

feet msl at the downstream end of the protection to 22 feet msl at the

upstream end. Design flood profiles are shown on plates 14 and 15.

c. Freeboard. Freeboard is defined as the vertical distance

measured from the design water surface to the top of dike or wall.

Freeboard is provided to ensure that the desired degree of protection

will not be reduced by unaccounted factors.

The dikes and concrete walls for the Warwick Ave area local protec-

tion were designed to provide 3 and 2 feet of freeboard, respectively.

Less freeboard is provided with concrete walls due to their greater resis-

tance to failure if some overtopping were to occur. Building walls

slightly lower than the dikes also permit overtopping of walls before

dike.; thereby serving as a relief valve in the event of a flood

greater than design.

32



t d. Velocities. Maximum flow velocities in the river channel

along the line of protection would occur during high flows in the

river and normal tides in the bay. Maximum velocities with a modified

standard project discharge of 12,800 cfs would range from 5 to 7 feet

per second. The riverside slopes of the protective dikes will be pro-

tected by riprap designed to withstand the tractive forces that would

be produced by the modified design flood.

e. Effect of project on river hydraulics. During flood periods

when dishcarges and stages in streams are increasing, those flows en-

tering flood plain areas are temporarily stored until the recession

period of the flood. The effect of this temporary storage is, to lag

and reduce the flood peak as it progresses downstr~arn. When flood

plain storage is lost by the building of dikes, the flows that would

normally enter the storage areas must either move into adjoining stor-

age areas or move on through the reach causing increased flood discharges

downstream, at least during the rising period of the flood. Historically

flood stages on the lower Pawtuxet River have risen at rates up to one-

sixth foot per hour. The two local protection projects will remove

approximately 200 acres of flood plain, therefore, this rate of rise

of water over the protected area would represent a flow rate of 400 cfs.

Using the above analo~ry it was concluded that peak discharges would

not be increased morn than 5 percent by the dikes and since the diver-

sion will reduce flows by approximately 50 percent in the area of the
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dikes, the net effect of both the diversion and local protective dikes

would be at least a 45 percent reduction in flows.

(1) General. The line of protection of the Warwick Ave area LPP will

intercept the runoff from approximately 710 act-s of interior area.

Gravity outlets, a collector drain, pressure conduit and a pumping

station are included as an integral part of the project for conveying

interior drainage to the river.

(2) Drainage Areas. The total 710 acres of interior area

can best be analyzed as 3 subareas. Subarea 1 is a 110 acre area

located upstream of Warwick Avenue extending to the upper end of the

project. This area is mostly residential with an average slope of

about 2 percent draining to the highly industrial and very flat area

lying right along the river. Subarea 2, 150 acres in size, is generally

outlined by Warwick Avenue on the west, Boston Post Road on theS~uth

and the Pawtuxet River on the northeast. This area is extremely flat

having practically no drainage relief. The one existing open channel

drain passing through serves much of the area.

Subarea 3, an independent 450 acres of watershed lying south

of Boston Post Road, is drained by an unnamed brook and outleting to

the Pawtuxet River near the downstream end of the proposed line of

protection. Subarea 3 is long and narrow with an average slope of

about 0.6 percent. There are two natural ponds in the upper part of

this watershed which serve to retard runoff from short duration high

intensity storms.
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tDelineation of the subareas is shown on plate 13

Estimated 10- and 100-year frequency discharges for the sub-

areas are listed below. Discharre values were computed ty multiply-

ing the discharge frequencies develoned for the entire local area below

the Cranston gage by the ratio of contributing drainage area taken to

the 0.7 power. The computed discharge frequencies caipared favorably

with results obtained using methods presented in: "Flood Magnitude and

Frequency of Massachusetts Streams," Open-File Report Number 84-131,

U.S. Department of the Interior, Geological Survey, March 1974.

Subarea Subarea Subarea

1 2 3

Drainage Area (acres) 110 150 450

10 Year Q (cfs) 37 46 100

100 Year Q (cfs) 80 100 214

It is noted that the discharge frequencies represent estimated

runoff from a watershed with widespread shallow puddling during intense

rainfall. This condition currently exists and will presumably exist

in the future due to the minimal drainage relief in the area. This

shallow ponding will be restricted to parking lot and undeveloped

areas in the future through proper zoning.

(3) Site limitations. The elevation of most of the land

along the land side of the dikes and walls is very low relative to
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the normal level of the Pawtuxet River. The normal level of the river

is about +5 feet msl and most of the land is between elevations 8 and

10 feet msl. This site limitation makes impractical the installation

of large underground collector drains. Such drains would remain filled

with water without continuous and costly pumping. For this reason it

is planned to provide a shallow trapezoidal channel section along the

land side of the dike which will serve both as a temporary detention

area and a means of conveying flows to one centrally located pumping

station. It will be specified in thc, local assurances that no building

be allowed in the protected area with first floor grades below eleva-

tion 12.0 feet msl.

(4) Gravity outlets. Gravity outlets will be provided through

the line of protection capable of discharging the peak 100-year fre-

quency runoff with a normal river stage.

(5) Warwick Ave Area pumping Station #1. Warwick pumping station

#1 will be designed to discharge the 10-year frequency interior runoff

against a design river stage. The pumping station will have a design

capacity of 80 cfs, the 10-year peak runoff from subareas 1 and 2.

(6) Warwick Ave Area pumping station #2. Subarea 3 will nor-

mally discharge by gravity to the river through a gated outlet in the

line of protection at a site near its present outlet. However, pumping sta-

tion #2 will be provided at the site so that during hurricant tides the
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gravity outlet can be closed and the interior runoff can be pumped.

The gravity outlet will be designed to discharge the 100-year frequency

discharge of 210 cfs with a normal river stage. Pumping station #2

will be designed with a 10-year frequency peak runoff capacity of 100

cfs.

A pressure conduit system in lieu of a pumping station for

subarea 3 was investigated but was found to provide small savings in

cost. Further interior drainage analysis will be performed during

detailed design.

12. WARWICK LOCAL PROTECTION (Elmwood Ave Area)

a. General. The Elmw~ood Ave Area Local Protection Project will be

built to protect approximately 43 acres of mostly residential property

from residual Pawtuxet River flooding. The project will consist of

about 4,700 linear feet of dike, 400 feet of wall, and interior drainage

facilities including one pumping station. A plan of the project is

shown on plate 16.

b. Design Flood. The project will be designed to provide three

feet of freeboard above the standard project flood level of the Pawtuxet

River as modified by the proposed upstream Natick diversion. Height

of protection will vary from elevation 26 feet mean sea level at the

downstream end of the dike to elevation 27 feet mean sea level at the

upstream end. Design profiles are shown on plate 17. The modified
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SPF discharge at the project site is 12,00) cfs.

c. Velocities. Maximum velocities in the river channel along

the line of protection with a modified SPF discharge would range from

three to five feet per second, The riverside slopes of the protective

dikes will be protected by rip rap designed to withstand the tractive

iorces produced by the design flood.

d. Effects of Project on River Hydraulics. For information on

the effects of the Elmwood Ave area project on the hydraulics of the

Pawtuxet River, reference is made to paragraph Ile.

e. Interior Drainage. The dikes and walls at the Elmw~ood Ave Area

LPP will intercept runoff from a total of approximately 150 acres of

interior area. No detailed analysis was made for interior drainage,

but for costing purposes it was assumed that drainage from the upper

35 acres of area lying south of 2nd Avenue would be discharged to the

river through a 48-inch diameter pressure conduit, and a pumping station

would be provided for the remaining lower 65 acres of interior area. The

pumping station and pressure conduit were designed to pass a 10 year

storm runoff against the design river stage, resulting in design capacities

of 105 and 135 cfs, respectively. Gravity drains through the dike

were designed to discharge the 100 year storm runoff with a normal river

stage. Discharges were computed using the Rational formula with a

coefficient of 0.5 and a time of concentration of 30 minutes. More

detailed analysis of interior drain~age will be required during final

design.
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13. PAWTUXET RIVER WATER QUALITY

The Pawtuxet River is an intrastate stream that has been assigned

a B classification by the state of Rhode Island. State prescribed

standards for Class B water designate that it shall have good aesthetic

quality and that it be suitable for water supply with appropriate

treatment, waterborne recreation, fish and wildlife habitat, agricul-

tural usages, industrial processes and cooling.

Class B water quality standards require that the dissolved oxygen

concentration be a minimum of 5 mg/l at any time and at least 75

percent saturated for 16 hours/day. Coliform bacteria are not to ex-

ceed a median value of 1,O00 colonies/100 ml nor more than 2,400 in

more than 20 percent of the samples collected. These waters are also

to be free from concentrations of chemical constituents and radioactive

material which would be harmful to human, animal or aquatic life.

The pH range is always to be within 6.5 to 8.0 standard units and any

increases in temperature, color, turbidity, taste and odor will be

such that they will not impair any of the above mentioned usages.

The quality of water for a prescribed distance downstream from

waste treatment facilities, until complete mixing is accomplished, does

not affect the usage class adopted.

The New England Division initiated a water quality sampling

program in the Pawtuxet River basin during September 1975. The purspose
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of the program was to develop a data base with which to evaluate the

water quality effects of the proposed diversion of flood waters from

the Pawtuxet River on the marine environment of Apponaug Cove and

Greenwich Bay, Rhode Island. Two sampling stations were located on

the main stream Pawtuxet River and one each on the North Branch and

South Branch tributaries. Collection and arulysis of the samples was

performed for the Corps by the U.S. Environmental Protection Agency

laboratories in Kingston, Rhode Island and Needham, Massachusetts.

The water quality data for each of the stations are presented on tables

12 through 15.

Evaluation of these data indicates that the quality of water

measured during the nine month sampling program does not meet the

prescribed state stream standards. However, it is expected that

implementation of the State of Rhode Island's pollution abatement

program will produce acceptable water quality levels by 1983, as re-

quired by federal Public Law 92-500.
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SUPPLEMENTAL
HYDROLOGIC ANALYSIS

FOR
PAWTUXET RIVER FLOOD CONTROL

1. PURPOSE AND BACKGROUND

This report presents hydrologic ;' formation and analysis sup-

plemental to that contained in a July 1975 report entitled:

"Pawtuxet River Flood Control - Hydrologic Analysis", which was

later distributed under the title: "Planning Aid Report -

Hydrologic Analysis". The original report presented data, descrip-

tion and hydrologic engineering analysis relative to a comprehen-

sive flood control plan for the lower Pawtuxet River. The compre-

hensive plan included a facility for diverting floodflows via

tunnel from the Pawtuxet River in Natick to the ocean at Apponaug

Cove in Greenwich Bay. This diversion would have provided a high

degree of flood control along the lower 10 miles of the highly

developed reach of the river. A second feature of the comprehensive

plan involved the construction of walls and dikes in Warwick, near

the n:outh of the river, to protect an industrial and residential

area against residual tidal and riverine flooding.

The comprehensive plan as proposed by the Corps of Engineers was

not well received by the public due mainly to the massiveness of

the plan, the overall cost, and possible environmental impact of the

diversion on the receiving waters of Greenwich Bay.



This supplemental report coor, rns a compromise plan which

deLetes the Natick diversion and consists only of the Warwick local

protective works built to thc higher cb,,tion required by deletion

of the upstr-mri dLi',ersion. As an added feature the compromise plan

would include flood control storage, in addii ion to water supply

storage, in "Big River", a water supply reservoir planned by the

State of Rhode Island at a site in the South Branch watershed of

the Pawtuxet River basin.

All hydrologic description, climatology and analysis of floods

presented in the original report remains relevant. This report pre-

sents only supplemental hydrologic analysis pertinent to the compro-

mise plan. Included are sections on the Big River reservoir, the

Warwick local protection projects, and other pertinent discussion.

All hydrologic analyses performed has been of general scope

intended only as a general base for conceptual planning, costing,

and initial decision making. More detailed analysis would be re-

quired in any final design.

2. BIG RIVER RESERVOIR

a. General. Big River reservoir, as planned by the State of

Rhode Island, will be constr,;'ted on the Big River, a tributary to

the South Branch of the Pawti,.et River. It will be a water supply

reservoir, interconnected with, and supplementing the existing

Providence regional water supply system. It is intended that waters
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will be diverted, during high flow seasons, from the Wood River in

the Pawcatuck River basin and the Moosup River in the Thames River

basin to the Big River storage. The Big River storage will, in

turn, divert to the existing Scituate Reservoir located on the North

Branch of the Pawtuxet. Lands for the project have been purchased

by the State and preliminary engineeiing is complete. Dates for

the initiation of final design and construction are indefinite.

b. Pertinent Data. Following is a list of pertinent data on

the Big River Reservoir, as planned by the State of Rhode Island.

Location of the project is shown on plate 1. With a contributing

watershed of 29.7 square miles and a pool area of 3,500 acres, flood

control storage equivalent to 6 inches of runoff from the watershed

can be provided by raising the spillway crest by about 2.7 feet to

elevation 302.7 feet msl. Top of dam would be raised accordingly

from 310 to 313 feet msl.

PROPOSED
BIG RIVER RESERVOIR

PERTINENT DATA

Location: West Greenwich, Rhode Island
Drainage area: 29.7 square miles
Water supply storage: 86,500 acre-feet
Water supply pool elevation: 300 feet msl
Full pool surface area: 3,500 acres

Approximate height of dam: 70 feet
Top of dam for water supply: 310 feet msl
Spillway length: 400 feet
Full pool with flood control: 302.7 feet msl
Flood control storage: 9,500 acre-feet

Spillway crest: 302.7 feet msl
Design surcharge: 5.3 feet
Freeboard: 5.0 feet
Top of dam with flood control: 313 feet msl
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c. Flood Reductions. Providing 9,500 acre-feet of flood con-

trol storage in Big River reservoir will be sufficient to control

flood runoff from its 29.7 square mile watershed; however, the

watershed controlled represents only about 12 percent of the total

Pawtuxet River watershed, therefore, resulting flood reductions on

the main stem Pawtuxet are quite limited. i'a potential reduction

will vary depending on the type of flood development, antecedent

conditions, and the storm orientation over the basin. Table 1 lists

the representative percent reductions in floodflows provided by Big

River at selected-index stations on the South Branch and main stem

Pawtuxet River. Reductions in the March 1968, July 1938 and standard

project flood by Big River reservoir are presented in table 2.

Natural peak discharge frequencies, taken from the previous hydrologic

report are shown in table 3, and on plate 2. Development of the

March 1968 flood and the standard project flood are shown on plates

3 and 4, respectively. A profile of the South Branch of the Paw-

tuxet River is shown on plate 5.

TABLE 1

TYPICAL PERCENT
REDUCTIONS IN FLOODFLOWS
BY BIG RIVER RESERVOIR

Location Drainage Area Percent Reduction
(square miles)

South Branch at Washington Gage 63.8 50
Natick Dam 180 25
Cranston USGS gage 200 20

Warwick Avenue 228 10
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3. MODIFIED WARWICK LOCAL PROTECTION

a. Warwick Avenue Area

(1) General. The compromise plan for protective works

along the Pawtuxet River in the Warwick Avenue area remains concep-

tually the same as that for the coi'nrehensive flood plan, except,

the height of protection has been raised. This increase in height

was necessary to provide protection against the larger standard

project flood resulting with a deletion, from the plan, of the up-

stream Natick diversion. A plan of the Warwick Avenue area is shown

on plate 6.

(2) Design discharge. The protective works at Warwick

Avenue would be designed to protect against a peak Pawtuxet flow of

20,000 cfs. This is the resulting standard project flood discharge

after modification of the natural peak of 23,000 cfs by the planned

Big River project. The new SPF flow, as modified by Big River, is

57 percent greater than the SPF flow as modified by the Natick di-

version proposed in the original comprehensive flood control plan.

(3) Profiles. Flood profiles were computed, as described

in the original hydrologic analysis report, using a minimum of sur-

veyed cross sections in the HEC-2 computer program. Backwater com-

putations were made using a Manning's "n" of 0.05 for channel and

0.08 for overbank. Assumed contraction and expansion loss coeffi-

cients were 0.3 and 0.5, respectively.
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Computed river profiles for various flood conditions including

design water surface are illustrated on plate 9. The design water

surface profile is also shown on plates I and 8.

(4) Velocities. Under design flood conditions, with

the Warwick Avenue local protective works it place, maximum flow

velocities would be in the order to 6 to 8 feet per second. These

maximum velocities would occur with a design discharge in the river

and a normal tide in the bay. The riverward side of earthen dikes

would be riprap protected for a trictive force of about 0.7 lb/ft 2 ,

resulting from maximum design velocities. Though tractive forces

are low, the adopted D 5O minimum will not be less than 1.0 foot.

(5) Freeboard. Earthen dikes and concrete walls would

be designed to pro'ride 3 feet and 2 feet of freeboard, respert-vely.

Freeboard is the vertical distance from the computed design water

surface to the top of protective works, and is provided to protect

against uncertainties and unaccounted factors in the computation

of the design profile. Less freeboard is provided with concrete

walls due to their greater resistance to failure if some overtopping

should occur. Building walls slightly lower than the dikes also

permit overtopping of walls before dikes, thereby serving as a re-

lief valve in the event of a flood greater than design.

(6) Height of protection. The height of protection

required to protect against a standard project floodflow, as mod-

ified by Big River reservoir, is shown on plates 7 and 8. The

8



level of protection was based on protecting against the severest of

either: (a) the SPF riverfiow with a 100-year storm tide or (b) a

standard project tidal backwater in the reach. A standard project

riverflow coincident with a standard project tide was considered

too remote for design.

The present plan of protection ; the Warwick Avenue area is

about 2 feet higher at the downstream end and 4 feet higher at the

upstream end, than the height of protection originally required in

the comprehensive flood control plan with the upstream Natick diver-

sion.

(7) Interior drainage. The plan of protective works

for the Warwick Avenue area would intercept interior runoff from a

total of 710 interior acres. This total is comprised of subareas

1, 2, and 3 with areas of 110, 150, and 450 acres, respectively.

For costing purposes it was assumed that one pumping station would

serve subareas 1 and 2 and a second station would be installed to

discharge runoff from subarea 3 during flood periods. Subarea 3

consists of 450 acres of watershed lying south of the Boston Post

Road which outlets to the Pawtuxet River near the downstream end of

the proposed line of protection. It is now believed that, in any

final design a refinement may be possible, whereby the line of pro-

tection can be "wra.yed around" at the downstream end and tied into

high ground along the north side of the drainage outlet from sub-

area 3. Such a refinement would thus eliminate the need for the 100

cfs pumping station 3. This refinement appears both practical and

feasible and would be pursued further In any final design, however,



for present costing analysis the pumping station has been retained.

Subareas 1 and 2, as described in the earlier hydrologic analy-

sis report are located adjacent to the 'iver and are very flat and

low in elevation with respect to the normal river level. High

rates of runoff are not experienced from these areas due to their

flat gradients and puddling occurs throughout the areas during in-

tense rainfall. Such temporary ponding of interior drainage must

be expected and provided for under future improved conditions. To

accomplish this a low area along the toe of the dike would be re-

graded and preserved for temporary ponding and it would be specified

in local assurances that no building be allowed in the protected

area with first floor grades below elevation 12.0 feet msl. This

zoning will prevent serious flood damages during very infrequent

more extensive ponding. Minimum elevations in the protection area

would he about elevation 8.0 feet msl and approximately 60 acre-

feet of storage could take place between elevations 8 and 12 feet

msl. Though it might appear that ponding capacity was adequate

for the control of interior runoff, an 80 cfs pumping station has

been included to prevent the need for long term ponding of interior

runoff because of the lowness of the area with respect to the river.

The adopted 80 cfs pump capacity is equivalent to a runoff rate of

about one-third inch per hour from the 260 acre interior area. More

detailed stitdies would be required in final design to determine the

,ptimum combination of pump size and land takings for Donding, how-

10



ever, the selected plan is considered adequate for costing purposes

and conceptual planning.

b. Elmwood Avenue Area

(1) General. The plan for the Elmwood Avenue segment of

the Warwick local protection projt:,-t remains basically unchanged,

except that a considerably higher level of protection is required

with the abandonment of the comprehensive upstream Natick diversion

plan.

(2) Design discharge. The Elmwood Avenue area, shown on

plate 10, will be protected against a design flow in the Pawtuxet

of 18,500 cfs, which is the SPF flow, as modified by Big River

reservoir. The natural SPF without Big River is 21,300 cfs. The

current design flow of 18,500 cfs is 55 percent greater than the

original res:dual flow with the contemplated Natick diversion plan.

(3) Profiles. Profiles for the Elmwood area shown on

plate 11 were computed by backwater using the same procedure as for

the Warwick area. The methodology for profile determination is

discussed under paragraph 3a(3) of this report as well as in the

original Hydrologic Analysis report. Computed river profiles for

various flood conditions including a design water surface profile

are illustrated on plate 9.

(4) VelociLies. Velocities in the river under present

design flow conditions will be in the order of 5 to 7 feet per

second. All exposed earthen dikes will be riprap protected

11



against a resulting design tractive force of 0.7 lb/ft2 . Though

tractive forces are low the adopted D50 minimum will not be less

than 1.0 foot.

(5) Freeboard. Freeboard criteria at Elmwood would be the

same as the Warwick Avenue area which is d).scussed in paragraph

3a(5) of this report.

(6) Height of protection. The abandonment of the upstream

Natick.diversion concept has a marked effect on the design flow at

Elmwood and as a result requires a considerable increase in height

of protection. Required increases in height of protection vary from

about 4 feet at the downstream end of the protective works to 5

feet at the upstream end. Present design heights of protection are

indicated on plate 11.

(7) Interior drainage. The protective works in the Elm-

wood Avenue area would intercept interior drainage from about 150

acres. As discussed in the original hydrologic analysis r-port,

it is contemplated that runoff from about 85 acres or 60 percent of

the area can be intercepted and conveyed to the river via pressure

conduit. The remaining drainage will be intercepted along theline

of protection and conveyed to a pumping station for discharge to

the river during flood periods. Gated gravity outfalls will be

provided for discharge during normal periods. Gravity outfalls

would be designed for a 100-year frequency storm runoff.

12



The pumping station for the Elmwood Avenue area was sized at

105 cfs for costing and planning purposes. This capacity is equiv-

alent to a runoff rate of 0.6 inch per hour from the residual 65

acres of low level area. As stressed in comtments from OCE, dated

21 March 1977, more extensive studies would be required in any final

design to determine the optimum pump size versus interior ponding

to be permitted. Such studies would require further land surveys

to better establish the interior stage-storage capacity charac-

teristics. However, much of the flood prone properties are resi-

dential in which flood damages would be extensive with any appre-

ciable ponding. It has therefore been concluded that extensive pond-

Ing would not be permissible and a pumping station must be

included as an integral component of any local protective works

considered for the area.

4. DISCUSSION

a. General. Flood control on the Pawtuxet River has long been

a subject of varying opinions relating to economic, social, en-

vironmnental as well as~ hydrologic considerations. This compromise

plan of improvement Is the result of many often opposing opinionq.

Some of the more pertinent hydrologic features of this plan as

well as other plans; considered, are briefly discussed in the fol-

lowing paragraphs.

13



b. Limitations of Compromise Plan. The compromise Pawtuxet

River flood control plan would provido a high degree of protection

to two localized areas totaling appro.cimately 200 acres of flood

prone land. One being a commercial-industrial park area and th,

other highly residential. The plan further recommends including

flood control storage in the future Big River water supply reservoir.

However, it must be stressed that flood reductions provided by this

storage in the lower Pawtuxet basin are quite limited, generally

less than one foot. Therefore caution must be exercised to prevent

the populace of the flood plain, outside the protected areas, from

adopting a false sense of security. Reductions in flow and stage

attributable to Big River are ahown in table 2 and plate 9.

c. Effects of Improvements. The dikes and walls of the com-

promise plan will be designed for a significantly greater flow,

than with the comprehensive plan, where local protection was re-

quired only for residual flows downstream of the then proposed

Natick diversion.

With greater flows the dikes and walls will pose some hydraulic

impedance to overbank flows during major floods approaching

standard project magnitude. The greatest effect, flood stagewise,

would he about a 0.5 foot ,ise in SPF stage at the upstream end of

the Elmwood Avenue protective works. Since the Big River reservoir

would reduce the natural SPF at this location by approximately 0.5

loot and the protective works would increase the modified SPF by

14



about 0.5 foot, the net offect of both the reservoir and protec-

tive works would be near zero it the upntrpam end of the protec-

tive works. The effect of th- *!kes on river stage would diminish

moving upstream and be negligible above the USGS gage in Cranston.

d. Compatability of Plan. T1' comprormise plan consists of

flood control storage in Big River ;a 1 local protection in the

Wai!ick and Elmwood Avenue areas. Though f-e three components are

one system, they are not entirely interdependent. For example,

if Big River reservoir is delayed or never built, the local pro-

tection projects, as planned, would provide protection against a

flow 88 percent of the natural standard project flood, which, though

not complete, would be an acceptable project on its own. Similarly,

the Warwick Avenue and Elmwood Avenue projective -'rk, though

nearly contiguous, are hydrologically not inseperable or inter-

dependent in anv way.

e. Other Improvements Considered

(1) Scituate flood control. Scituate Reservoir, located

on the North Branch of the Pawtuxet, has a drainage area of 92

square miles and a full pool surface area of 3,400 acres. The

idea of providing flood control on the Pawtuxet River by either re-

regulating or adding storage at Scituate has risen many times over

the years; however, it is noted that Scituate already provides a

high degree of control over its watershed. During many freshets

the entire runoff from its watershed is stored in Scituate.
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Depending on antecedent storage capacity, and during other events

where the pool is at or nearly full, ,urcharge storage in the large

lake has served to greatly modify and desynchronize the runoff

from its watershed. The effect of Scituate on flood runoff in

past floods is presented in table 7 of the original hydrologic

analysis report. It is not to be inferred that Scituate is an

automatic panacea. The July 1938 flood illustrated that Scituate

outflow could be a significant flood component. Therefore, opti-

mum regulation procedures should be employed at the project to

maximize flood contrbl potential while not infringing on dependable

water supply yield.

However, complete control at Scituate would not entirely alle-

viate the flood potential on the main stem Pawtuxet and costly

modification to Scituate is not considered feasible. Much of the

existing flood potential results from the uncontrolled watershed

downstream of Scituate. Protection would still be needed against

residual freshwater flooding and tidal flooding in the Warwick

airea. For example, with complete flood control at Scituate the

itandard project flood at Warwick Avenue, as modified by Big River,

would be further modified to 18,400 cfs with flood control at Scituate.

This modification would not eliminate the need for protection but

would serve only to reduce [ite required height by about I foot.

The effect of control at Scituate on the standard project flood Is

.hoiwn on plate 12.
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(2) Removal of dams. There are numerous small "run-of-

river" dams throughout the Pawtuxet basin. It has been suggested

that removal of some of these !,,ms would reduce floodflow gradients,

thereby reducing flood damages. The dam most often mentioned is

the Broad Street dam situated at rir mouth of the Pawtuxet. Back-

water studies have been performed to determine tf- effects of com-

plete removal of this dam. During a standard project riverine flood

the flood stage would be reduced about 7 feet at the dam and this

reduction would diminish upstream becoming insignificant at Warwick

Avenue. Removal of this dam would have the associated impacts of:

(a) returning the lower Pawtuxet to a tidal estuary with its re-

sulting environmental impact, and (b) normal riverflow velocities

would he increased causing possible bank erosion problems if pro-

tective measures were not provided. Most importantly, however,

removal of the dam would do nothing to protect the lower Pawtuxet

against the existing threat from tidal flooding, and its removal

could create a "false sense of security" with respect to flood

control.

As the Broad Street dam becomes deteriorated, its repair or

removal should be based largely on environmental considerations.

Flood control benefits to be gained by its removal would be small,

relative to the other considerations discussed above, and Federal

involvement is not considered warranted.

17



A second dam on the lower mainstem Pawtuxet is the Pontiac dam.

Its removal would have a reducing effect on flood levels just up-

stream. The effect of the removal of tiis daa on the standard

project and the 100-year frequency flood levels are shown on plate

13. Presently there is little flood prone development just upstream

of the dam and its normal backwater pool does have esthetic appeal.

However, in the future if the dam needs major repair, removal may

have to be considered. If removed, upstream measures may be needed

to protect against scour and excessive degradation.

The majoritv of the other dams are low head, becoming submerged

by backwater during floods or have minimal, If any, flood prone

property near the dams.

(3) Channel improvement. It has been suggested by some

that flood control on the lower Pawtuxet should and could be

accomplished by clearing the channel of debris and obstructions,

i.e., channel improvement. First, it is stated that such improve-

ments would only have an effect on riverine flooding and no effect

on tidal flooding in the lower basin. Secondly, localized obstruc-

tions generally have a localized effect. Therefore, effective

channel improvements would consist of enlarging the channel through

deepening and widening. Such improvements would require riprap

protection of exposed banks and due to the cost of bridge modifica-

tions, the proposal Is deemed impractical, particularly since the

threat of tidal flooding would remain.
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Profiles illustrating the potential effect of dam removal and

channel improvement in the licAr P.twtuxet River, for both the

standard project and 100-year floods, are shown on plate 13.
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GEOTECHNICAL FEATURES

PAWTUXET RIVER BASIN

A, BASIN TOPOGRAPHY

The Pawtuxet River Basin is located entirely within central Rhode Island.
The eastern two-thirds of the basin lies within the Seaboard Lowland section
of the New England Physiographic Province; the western one-third of the basin
is in the New England Upland section. TI" basin has irregular topography
consisting of relatively low to moderate size hills in the west and gradually
decreasing relief in the east. The maximum elevation is approximately 720
feet above sea level at Chopmist Hill in Scituate.

The river valley extends westerly from Warwick to the extensive Scituate
Reservoir in Scituate. The meandering Pawtuxet River and other smaller rivers
and streams drain the irregular topography which contains some large swamps.

Artificial modifications of landforms by cuts and fills are minimal through-
out the basin except In Cranston and Warwick. Most of the urbanization of the
basin has taken place in the eastern section around the Pawtuxet River.

B. SURFICIAL GEOLOGY

Unconsolidated deposits having various characteristics anJ thickness mantle
the bedrock surface throughout the basin. The greatest e;posure of bedrock
and the thinnest surface cover are evident on the sides and tops of hills In
the western and northern section of the basin, encompassed by the towns of
Coventry, Scituate and Gloucester. Deposits of sand and gravel on land were
primarily derived from qlacial action. Deposits of post-glacial origin are
lesser in extent and occur as alluvium and swamp deposits near streams and
in blocked drainage areas on hills. Swamps contain varying amounts of soft
organic silt and peat.

The distribution of surficial deposits is shown on Plate G-1. The deposits
described in the following paragraphs were the most practical categories that
could be shown according to the scale of the map. Several other types of
qlacial deposits exist but are too small to be differentiated here. Some
of the engineering qualities of the materials In these deposits are listed
In Table G-1.

The principal types of deposits are as follows:

Ground Moraine (Till) - Ground moraine or glacial till consists of an un-
sorted mixture of rock particles ranging from clay-size to boulders. It has
the most extensive and widespread occurrence covering hills and lowlands.
The deposits are often thin enouQh to reflect the underlying topography.



Tn;cK masses of ground inoraine set irlm are formed intc ,Ills. The rock
particles in the till are mostly fream ivc10 bedroik. G ound moraine may

be buried by other surficial deposits.

Outwash Plains - Outwash ),a;n,, n;-e fl._ -Lopped uroad accumulations de-
posited in open areas by glaci-: meitwate:.. They consist of sands with
some interbedded '.ravcl. Plain; that have coalesced may cover wide are':
others may form limited depos't% in -;arrow ':'al leyn, The surfaces of plains
can be relatively 4eatJra;es Cr bint,: .,u!ar with depression=.

Kame Terraces -')d e n.eli K.. zerraces are bt:nched

deposits of sand and gravel 'left aqainst ,,,alley iiopes by ,lacial stream ::.
Valley train deposits are sands and grav, " in valleys dn'r extending i cross
them. Kame terrac.es and valle,/ train depi'- ts sometikes merge from one inLo
the other. They ir;ov3 ,en combined as a single map unit.

Kame Plains - Kame plains aire Fo aitzem ,flt-.rfaced deposit- of mostly
sand with some gravelF. They were. L.ror y glacial streams in areas confi.id
by the glacier. The ! orderlil slopes of thn de!7>Its may be either steep
or flat. The sands and gravels are' usually sorto-J and stratified.

Kames - Kames are 17,requt.ar 1ills usuafly of poorly sorted safcd and qravel
that were deposited in contazt with the glacier. {he deposits are oft,'n
localized because of the confined conditions during their forti ;ions.

Sand and Gravel, UncW:fercntiated - Sands and ".Jwv.Ks t,:, , '%*i not mapped
as any particuar type of land form are left as undifferentiatd deposits.
The qrain size, sortinq, and st; 3tfication within these deposit- vary accor-
ding to the local conditions of depositirin, The properties may be those of
sands, gravels, and mixtures of sands an.d gravels.

Alluvium - Alluvium accuMulates r; river and stream channels. The deposits
form banKs and flood plains along -';_ers and streams. The materials are silt,
sand, and gravel. Usually the Jc.?os'is are well, sorted. The nature of erosion
and deposition by the rivers anJ strcams in normal time- and duriig floods
determines the local sorting, thikness and distribution of the deposits.

Swamp Dopot,its - Swamp depositb manily are silts, fine sands and muck.
They are widely distributed. Moscz swamps are localized and limited in extent
although a few extensive area Ire found, The level of water in swamps will
fluctuate seasonally witih loc- stlre m and ,round-water levels. The thickness
of the swamp deoosits is dete'. ned by local conditions.

Artificial Fill - Artifi.z . ; fiiis are extensive enough for mapping in the
Providence Quadrangle. Fill m. teriai is usualiy taken from local sources of
till or sand and gravel, The kind of material used depends largely upon the
ptirpose of the fill.

2



a. Planning Factors - The strongest geoloqic restraints placed on
future plalning and development of the basin are the topographic conditions.
Foundation conditions in glacial deposits are generally good within the
basin area. Subsurface drainage within till areas is normally poor to fair,
especially where the bedrock is near or at the qround surface. Landforms
govern to a high degree the corridors available for transportation, utilities
and future expansion of the existing communities, especially in the northern
and western sections of the basin.

The eastern and southeastern sectioii., where most of the glaciofluvial
deposits occur, is highly developed due to the relative ease that man can
work with and modify these materials for his use. Low permeable soils in
the hills and a frequent high ground-water level in the valleys make careful
planning of solid and liquid waste disposal a necessity. Planning concepts
should place strong emphasis on the highly variable topography and subsurface
materials throughout the basin. Consideration to the areas of significant
flood plains is an important factor.

b. Engineering Factors - Where designs are to be effective, careful con-
sideration should be given to bearing capacity and surface and ground-water
conditions within the soil mass. Generally, bearing capacities of the soils
in the basin are good, except for the highly compressible organic soils in
swamps. Control of surface water during and after constrjctfon is a necessity
in areas of low permeability soils. To avoid ground-water problems in pro-
posed projects, It is important that the ground-water 1-'vel Lo, monitored to
aid in siting. Some engineering characteristics of the materials are shown
in Table G-1.

c. Construction Factors - Generally, excavation in the till areas is
moderately difficult to difficult due to the high density of the soil and
presence of boulders. in addition, the bedrock is commonly near or at the
ground surface which may necessitate expensive rock excavation. Glaciofluvial
deposits of sand and gravel in the valleys are normally the most desirable
types for modification in construction projects. (See Table G-1)

C. BEDROCK GEOLOGY

The bedrock of the basin includes metamorphic, igneous and sedimentary
types. The distribution of formations and general localities of bedrock
outcrops are shown on Plate G-2. A map of the detail geology of the Clayville
Quadrangle in the northwesL portion of the basin was not available for this
compilation. Therefore, outcrops are not located in that area. Selected
engineering characteristics of the formations are shown in Table G-2.

The most extensive formation is the Scituate Granite Gneiss which occupies
almost the entire central portion of the basin. At the eastern margin of the
formation there is a complex of igneous and metmorphic rock types that trends
roughly north-south. Farther to the east the sedimentary rocks of the
Rhode Island Formation begin. They are primarily sandstone, slate, conqlom-
erate. and graywacke. North and northwest of the Scituate Granite Gneiss

3



-1

are mainly qnassos '-.-d schi~ts.

Faults are mapped az two locaticas. Ur... s In the Ci .iwon Ciu~drangle
near- the town of tvanston a )out St_, ',,c west of the margin of the Narra-
gansett Basin. Thlj small fault :jispiaces t--ridville Conglomerate aa~d
Esmon).d Granite. Anather fault L; at the n ,.-tti end of the Scitua.. Reservoir
and occurs alonq t.- -:)ntact of Jz: B--llingham Conglomerate and the Scitu~ate
Grarite G3neiss. T-- i , no informatcv. ' ' d'-placements. Neither fault
is c,nsidered active )r major.

As indicated i:, !anle G-2, enq>neerinq properties of rocks that are
pertinent to foundations, excavatlon:D, slopes and construction materials
var", with reek type, in general igneous -an' metamorphic -ocks are hard,
highly jointed to -trongly foliated and range in comnpressive strength
from medium to very Also, tho~o show slight weather" Leg and hiqh dura-
bility. Sedimentao-v r.. ks general'-. are more deeply weathered and have low
to medium copre strengths.

a. Planinr~.io - Due to t!,.e'ir hicl st-erqt.A values and durability.
the igneous and metaimorpi~le rock types are desirab't- for u~se as a construc-
tion material. Hroever, they, are normafli bi to eacavate. Principal
use of the rock is anticipated to be aqcreq~ates for constructior purposes.
Sedimentary rocks are often uniuitablc 7or construction pu.poffe~ nr dinvz nsion
stone. Future utilization of the bedrock resources in the ba -.ay be anti-
cipated to be in t~i;a igneois rock areas where foliation isV Principal
use of the igneous rock is anticipated to be (3ggregate6 far L-1 ko~struction
industry. Othe- planning factors -clated to bedrock ca a eVCIIWted by
referring to Plate G-2 and Table G-2.

b. Engineer ing Factors - The iqgneous c, ld metaqrorph i .-ocks , n the bas in
allow design utilizinq the hich compressive strength, slqt weathering and
good to excellent durability characteristics. The foliton in metamorphic
rocks reqflres care In desiqn of cut slopes, especially in the micaceous
schist types. The iedlmentary rocks are usually less dense but normally
provide adequate strenqth and durability for most design purposes. Conglomt-
erate tormatlons, althouqh a minor oct:urrence in the ba, r, present irreqular
and somewhat difficult characteristic~i for excavation. (' e PLte G-2 and
Table G-2)

c. Constructian Factors -Ccitruction relatinq bedrock within the basin
larqely7 depends on the location the bed',ock surface, Activity on the sides
and tops of hills may encounter ock that normally presents hiah excavation
diffiiculty 1-jth qo3od slope stability. Within the valleys and plains it Is
doubtful wheiner construction ..'ivity will encounter thle relatively deep
bedrock surface. The sedimentary rock format ion surface is usually deeper
thcn *'ie igneous and metamorphic rock types and may not be encountered in
most construction projects. WThere threse sediffr.ntary rocks are encountered,
they are somewhat easier to excavate, eycept for conglomerate, and all have

4



generally good slope stability characteristics. Further evaluation of the

bedrock formations in relationship to their construction characteristics can be

evaluated by reference to Plate G-2 and Table G-3.

D.. SEISMIC ACTIVITY

The majority of the basin is in zone I of the Seismic Risk Map. Zone I
is classified as having potential damacje from earthquakes with corresponding
maximum intensities of V and V! of the Mo -fied Mercalli Scale. The northern

most part of the basin borders on zone 2 which may underqo moderate damage

(intensity V11 of the M.M. Scale). Epicenters with corresponding intensi-

ties in the range of III to VI have been indicated for the Rhode Island area.
The seismic potential of earthquakes with epicenters in Rhode Island as
well as in the surrounding vicinity should be evaluated and appropriate
factors applied to designs for construction.
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RECREATION AND NATURAL RESOURCES APPENDIX

The State of Rhode Island has identified the major concerns for recrea-
tion and natural resources of the region. The detailed analysis is
found the Plan for Recreation, Conservation and Open_Space, June A78.
This plan also serves as Rhode Island's Statewide ComprehnS.ie 0)1tl our
Recreation Plan (SCORP). The most im,,,,,t ant highlights of the plan w .ll
be cited hero, followed by discussion -L the impacts that tle fli-ferent
alternative plans would have on recreation and natural resources.

In the Statewide Plan the following general gn.1:-j were estab]osh,.d to
guide the formulation of all plans and implemcntation prgrams
concerning recreation and natural resources:

I. Provide for adequate and diverse recreational opportunitites and

facilities primarily to meet the needs of the State's residents while
also attracting and serving visitors.

2. Preserve and protect open spaice so as to enhance the total

quality of the environment.

3. Insure the sound use and development of appr,)pi i ate land and
water resources in Rhode Island for recreational purntJ:..

4. Recognize that Narragansett Ba:' i.; the State',, :,-,ost important
natural feature and recreational veoo;rce.

5. Improve the capability of both public and pri.;ate sectors to
respond to recreational needs at both the community and regional levels
within the State.

6. Utilize, to the greatest extent possible, the capabilities of
the private sector in the outdoor recreational area.

7. Improve opportunities for water-oriented recreation by reducing
pollution and controlling wate¢r quality in Rhode Island's water bodies.

A number of key recommendations were formulated to help meet- these
established goals. Thone, recommenditions that are most pertinent to tho
project area are as follows:

* Improve use opl)ortunities at existing urban and metropolitan

parks and develop additional neighborhood recreation areas.

* Improve public transportation to recreation sites particularly

in and around urban areas.
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* Provide fresh water swimmim' pi i-cipally in the west and east
metropolitan regions, not only to meet supply deficiencies bat also as a
substitute for salt-water swimming.

* Adopt a formal arrancement between the Rhode Island 11istorical
Preservation Commission and the Department of Environmental Management
for the purpose of facilitating the orderi: levelopment of areas that
have both historic and recreational signifi. ce.

* Complete a feasibility study for the esttablishment of a scenic
and recreational river system in the Stare.

* Meet picnicking deficiencies in all regions, and particulal-ly
the West Metropolitan and Northeast regions.

* Meet Statewide supply deficiencies in tennis. These :ire most
acute in the West Metropolitan and Northeast regions.

* Activity in many recreatton purskiits 4hu.d be stimulated by
government through the provi-zion of accesible f:.i-ilfties and th..ough
the promotion of those recreational pursuits that exhilbit mlti-h,,s, '
durability.

* The Statewide Plauning Program shoull con- ,s Lta V )] a i

management study and examine alternative proi:eciutn d raga- ,A tch-
niques for flood prone areas.

* Investigate legal provisions which create (,ar flicts bet-,.-en
private ownership and the recreational use of the :t-ite's navi.gble
waterways. Clarify pnblic regulations for recreational use of naiigah]e
waterways.

* Identify, publicize, and protect areas of scenic, historical,
and cultural interest for the large sightseeing population.

* For the promotion of environmental awareness, encourage the
Department of Education to foster the use and study of appropriate
natural areas as part of the educational curriculum in all school
districts.

In order to access regional ra:reation and natural resource problems and
needs, the State used a aumber of different survey techniques. Various
questionnaires and phone calls were utilized in order to compile and
understand the recreation needs and concerns of the State. These
surveys yielded a number of general conclusions which form a framework
for future recreation planning. Numerous activities were surveyed, with
the five most popular by order of popularity heing:
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1. saltwater swimming
2. freshwater swimming
3. sightseeing
4. picnicking
5. outdoor games

Rhode Island's most abitndant rerrati on tesoiirce is Its :-O t w)l
providlng 47,,r swimming, t-ishing and - :ting. A person's i.c
has a di'retit affect oii how many acri- ",-3 he enga, ' ia Air'.
bi tity anti car ownership affect ozici !AI of? particip-'' Lou

The surveys also provided valuablQl. IlurOrratiorn oii The st'po> ;j.1 .mand
for recreation facilities. It was discoverfed that oi) In I~~
will trav. t1 ) I-le closest available supply (thisi'- r (' ter- is
overv rowd:-, g Of facilities in and around copiilation t- o. Ao,
peop Ic tend t,. trave-l s 1rtt(r dis--tances -40.d (wi I -ld L'' aric.wr if
suppl I is cI -e? at hand, r:e~ and 11aoIl -i~s I; hw th :s
recreation 'aciliti~s ts distributed uno-2,rnl; in relat_ ona i. the ... t

With the excotion -. t-pn is and PiLCIiic-i o; It war_, r*OVealed rlhart -
is a iu:Lu t supply i Steilwlo, I- 'or the most *'opii,,r
actiji ties. ti ad~i itir on, leii-mii r'r ,n -:r!;iiri I,' -t'r b
location of st!pply and al1so qum7I.t )f 1"ci -Ities, and Foo'.

Season and limne of the year are nther f icor -FI
recreation atilities. Analvsls showe-1 i - 1 r,

summer periods. The State ident-ii io ;ic4juni'
non--summer partioipatlni- r 4tcr. Ie -1,,z~ it~ng
popular of wint-or artivities. ')rhpr foi::aI0c iro' the
showed:

- Young people tend to rerreatoe more thin1 tit!!Or pteol ,4 an d t 1,
to participate in m- o ;trenuous acti::ieo .

- Bicycling is growin,- in popularity aA. shows a sigificant potertiai
for the future.

- Boating is Rhode Island's fasting g~rowing rpi.reation activit,

- In the West Metropolitan region, th-i project area, tero I., j 6>
ciency of frashwater trinming.

IMPACT OF A~IARNATIVYt, ON RECRFATION AND) NATITHAT, RESoTTRC-NhS

None of the ten alternatives has a sigifficant. amount of recres: !.on
votential associated with it. Possible. passive types- nf rerr,- ion
(walkway, hikepatht coul beIncorporated Into rhose nlrern':e,-s which
Include the Warwick Avfe Local Protec~tiou Ir -F-i the t,'v.To wore Ttlt-r
ested.
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It is impossible at thIs time to assess what the recreation potential
could be at the Big River Reservoir since the alternatives are only
concerned with the addition of 2.5 to 3 feet of flood control storage.
Most likely this peripheral land could accommodate trail development for
hiking, walking, and nature study. However, a separate Survey Report is
presently being prepared for the Big River Reservoir site. A recreation
and natural resource a)pendix will accompany the study, which will
analyze the recreation potential for the entire project.

The alternative plans which include the Norwood Land Bank could have an
indirect impact on recreation. If homes are removed from this flood
plain area the site has the capabilities of being developed for recrea-
tion. Facilities could be cost-shared with the Government if there was
a desire expressed by the city of Warwick.

Fish and Wildlife

The fish and wildlife information which follows was prepared by the Fish
and Wildlife Service during the early stages of the project. It gives a
general account of those natural resources in the watershed.

Fishery Resources

Mar.4e

Apponaug Cove at th;e head of Greenwich Bay serves as a forage, breeding,
spawning, and nurse y reund for many species of finflsh and in-Terte-
brates. Finfish fc, md in the area include winter flounder, bluefish,
blueback herring, riEnhadt1, alewife, weakfish, mummichog, striped killi-
fish, Atlantic silmersides, fourspine stickleback, smelt, eel and
others.

Very little quanti:ative data is available concerning finfish distribu-
tion, species composition and the extent and importance of this resource
to commercial and -ecreational fishermen. The extent of commercial
fishing is somewhat limited but the sport fishery is very important in
the Apponaug-Greenwich Bay area.

Commercial finfishing in Greenwich Bay is generally limited to eels,
winter flounder, metahaden, and baitfish. Eels are collected in pots
during summer. The extent of this fishery is unknown.

Alewives, mummichogs, striped killifish and silversides are collected
for bait by both sport and commercial fishermen. The extent and value
of this fishery is unknown.
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The most important sport 1-,l -1 e area aru. -Ai itr r Iconctet !s,
and we ikfish. The extet 0, re:cr'ntion r. 1i n ,, w~ ev er
Greenwich Ray is -i '~ s 1> 'ne- t9 r!( most Pro
fishing areas -is well as other . orct ,,ah ' pors of H. ad

She)lfish In Apponaug Cove, o: jterest to man for r~cr'a
commercialI purposes, includeo teit '3.! te~ clam, 'h .r

conch, '>~i In -rab an.i c reen crah m Lj '5 L!
closed to iilfirtiing finle t,- pfo. Ii~.n~ yin Ant
discharaiv- :iear the cc.)ve anki itts tr i it-i- es- Appl'naug *rs
a-P clas-,itied ris SC, suiitable for f isi ! .md -, 1,i ltah;r r r e--
ation boating. (Greenwict, Bay, hove, vtr : - eativtil ' o '- fts
water-. a- classified as SA, -Laracter iur f -r'y ex( e! i(-11:- l ot.Iu
area of -,h Bay, supports a con'istenti' rota,'cr.tc..La
commerciai -nellitsherv.

The~ quahog grounds io hoa:ily worked hr as marNy a>; 40 cwlne_! , ci
hand tonga r-; on -i -.- ic" a i U'A' 4rfl ('1C <rig ';i:r03

Close to 11a!. i7 th- ie:asesi i::' 'r.(.51 >Po! and
uttli'.C ti-' ! CI t -. C. 1; :: 1 an th " r

Soft-shelled lnoso u- a [a "ni

recretational fiqfieraien. .'ne of he icoisz pro ?i ti,
shell clam bedn iii N-irtmngansett -Fr ' 1 1n c
Greenwich ha: , ex'-f-i ai i i Apionauh,

Rer roartoni"L _,Iel ii i ii,, r I

thirty recreational digge~r, ant. r s ca -iri* wpk-
days while betwqeen 200-300 ma-, rie pee~0 e'

Water po1L ti ot has b roug ht ab out th i lsr rm 'o Pliode Iln

moat productire ;helih b-'ds, particilAri' 1i no!iprg

The beds arp closod to .shellfishing after he-i,-y r;l!'S, when overft, 1w from
storm sewers increaso -; nol-liti.-n levels. Greenwich Bar! _1s uTnPOI Ifted

and has remained open i'' le ot i- no r h e n ara hi eaa- tnrerr, t
tently closed to fe )d hn fr perlod a, I ncxe'~ days )f thc
year.

The economic and rec-reational imoorran:e ol Greenwic(h _R iys s Siel'i fISti
resource is evidenct2.i hy the fact that the Rhodp lsi'liv' siic (-. Fish
and Wildlife htis the k''.tire Bay under shell tfsh ma~vi ,emlenit.

Ciirrent and project-d m,.arine fishery [r'r~m n tid ini I- art essen-
ti ally geared to pro''.- t a.nd enihance f i il shi ani sh I1h 'OW1 CI.S
7f forts are nade to p-rwont over-explol tatiool and i c'hi to *ltpgra-

lAtion resulting from pollar ion and LIncompatible IIS(i , sn Vrf in

productive haibttt ;;f vailticto tiio r(-;niorro;. ihabit-it th it I.., currently



degraded by pollution, resulting in loss or underutilization of Iseful
resources, is being reclaimed where possible.

With improved water quality, management of resources, and adequate State
and Federal control of filling and dredging of estuaries and coq:a8
marshes, marine fisheries in this area will remain a valuable natural
resource for future generations. To what extent these resources would
be utilized is difficule to predict. Present knowledge of the degre, of
utilization, the status and value of marine resources in the Apponan.'
Cove-Greenwich Bay area, is extremely limited. With increased poi].-
tion growth and more leisure time recreational and commerical exploit a-
tion of these marine resources will undoubtedly continue to nrnrease.
Because of the present and potential values of the marine fisheries
resources of Greenwi-h Bay and its strategic location within eas-7w es
of Metropolitan Provtdence, a study to evaluate the status and iilue of
the resources is essential to provide the necessary basis for the proper
management, protection, and utilization of Greenwich Bay.

Anadromous

The Pawtuxet River formerly supported large runs of anadromous fish.
Shad, alewives, sme t, and Atlantic salmon ascended tne river and trill:
tary streams to spa. i. Early settlers of the watershed harvested tile
fish which added to their subsistence providing additional inc ,ie & rj,,g
the spring and fall. The runs were eliminated by dams in the eir.i
history of the basin.

Restoration efforts were commenced in 1871 with unanimous support of the
dam owners, but pollution of the waters prevented any long-lived
success. Since erection of the first dams in the 1700's, all efforts to
re-establish anadromous fisheries in the Pawtuxet have met with failure.
Today, there are no Fishways over the 28 dams constructed on the main
stem of the Pawtuxet and its two major tributaries: the North and South
Branches. Meshaniticut Brook is obstructed by seven dams, while the
Pocasset is restricted by nine structures.

A study of the potential anadromous fishery in the Pawtuxet River was
scheduled by the Rhode Island Division of Fish and Wildlife for 1976.
The river was to be examined in terms of species known to have been
present in the past, restorable species, and the economic importance of
a revived fishery. Determination of base flow requirements to meet the
needs of restored anadromous fish species during migration, breeding,
and residence in the river was to follow this initial study. Unfortu-
nately, a lack of money and manpower within the Division of Fish and
Wildlife necessitated a shift of emphasis to smaller streams of higher
priority. A study of the potential anadromous fishery in the Pawtuxet
has been delayed indefinitely.
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Currently the run of alewife is less than 500 fish. iJ - ved water
quality and fishway, the recreational and aesthetic value of this
anadromous run is expeced to provide much interest and rec'eation for
residents of the area.

Fresh Water Fisheci

The Pawtuxet River f- River Point eastwaz' to Pawtuxet Cove, a
distance of 11.2 nl is heavily polluted Liy a variety of municipal
and industrial waste The river has been described as ".oni of t"e-
most polluted waterw, , in New England1 ..." and consequently supporit, ic
fishing. The lower ':.5 miles of the North Branch is also hearily
polluted and supportb little or no fishing -- above FishviV T-hm, how-
ever, the Rhode Island Division of Fish and Wildlife does stc! trtit.
The fishery in this river is limited and controlled by water released
from Scituate Reservoir. A minimum flow of 14 cubic feet per second ;s
maintained over week days, but flow is virtually shut off on weekends,
except when the reservoir is full. The South Branch is also heavily
polluted by muncipal and industrial wastes. Jr does, howeve, support .

warm-water fishery composed primarily of largs outh bass :-c, chaln
pickerel.

Meshanticut Brook is stocked with trout. Its small size LV '- ,
limiting factor. Pocasset River is relatively polluted ;ti .J
banks developed. It does not support a sport fisiheL/ of - ,

Of the remaining 17 streams which support a sport fisher-,
set, Big and Flat Rivers are by far the most important. All -npi..ur!r
excellent trout fisheries, which are supplemented annually ,, tockin,
approximately 5,700 brown, rainbow and brook trout.

In addition to significant stream fisheries, there are anproxy,-ately 38
ponds within the watershed, 10 acres and over in size, which support
warm and cold water fisheries. Four ponds (3,942 acres), support
predominantly cold water fisheries. Only Hopkins Mill Pond (16 acres),
however, is currently stocked with trout and open to public fishing.

Thirty-four ponds (2,769 acres) are primarily suited for warm-water
species. Flat River reservoir is the most outstanding warm-water
fishery and may be stocked with northern pike in the near future.

1Brown University Pawtuxet River Study Project, National Sciece
Foundation, Student-oriented Studies Ptoject. 1972.
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Wildlife Resour..-s

The Pci,7tuxet watershed supports an important segment of Lhe. wildli fe
species found in Rhode TIland. Cottontail rabbit, pheasant, ruffed
grouse, quiail, gray :selirrel, woodcock and mourning do're are i'eal
distributed throughoti; a1 major portion of the hasln, incluidinp i of
the morei heavi Ly urhao ;~ed towns of the! lower watershed. The 1:1 i--in
population is support!d by stocking of good habitat unit-; in are-)- eortn
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forested, providing 7-:iitat for doer. They are found in go-r 1-:

throuighout this area of ti taiterod. Urban ard ror ideitla I dovole-
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Other wildlife speci,-, ,ithin the basin include mink, muskrat, skunk,
fox, raccoon and otter. These species do not contrihute significantly
to consumptive use wit' in the watershed, but do serve as the focus of
much non-comsumptive wildlife enjoyment. A few of the species such as
mink and muskrat do provide a little income for those who trap 411rlng
the fall and winter open season.

There are many important waterfowl habitat : within the watershed.
Their importance stems from the amount of pr... ,nt use they receive
and/or because of their management potential for waterfowl ,-e', ng.
resting or nestiig.

In 1972, the U.S. Fish and Wildlife Service made a reconnais,;cice of ihe
Pawtuxet River Basin for the purpose of delineating major ,et1rid ore-,
which should be managed and/or preserved to best meet mu.t.' r),se
needs. During this survey, several areas were ,dentifie,1 ;,- "hi ing
habitat of high wildlife use which should receiie priority for protec-
tion or management of waterfowl and other wildlife.

Within the Pawtuxet Watershed, approximately V. .etlands tta1!n_ i,

acres were found to hav:e high value for waterfowl and othcr vij dirdfe,
The largest wetland lies along Mishnock Brook in Co.enlr ,(,st

Greenwich and totals about 500 acres. Another unit of an,, , a're.
lies along the Pocasset in Cranston and a third unit al.n r.!. ,oo:r-enclc
River (cedar swamp) in West Greenwich. There are other c'.,:x:
important, though smaller wetlands located along the main stei and in
the tributary system that also poses signficant willlfe p,:tenrf..l. To
date, very little has been done within the watershed to ,., tease
waterfowl populattons, except for the creation of wood duck iegU "oe
boxes. There are but three publicly-owned areas in the basio prot?'7tieg
wetlands. The Ponagansett Public Fishing Area in Foster rwcompnase., 2?
acres of wetland, Snake Den State Park contains 38 acres, a'.id ,he B
River Reservoir area encompasses 600 acres of valuable wetland. If the
Water Resources Board's planned dams are constructed at '7nakc )en ani
Big River, however, all or most of these areas will be inur,1ated and
their value to wildlife lost.

In the area of Apponaug Cove shallow water areas and mud flats are fre--
quented by black duck, mallard, Canada goose, bufflehead, soaup, snowy
egret, mute swan, great blue heron, gulls and terns. The shoreline f3
bordered by a Sparttna alterniflora marsh. There is no question that
the marsh lands contribute detritus and invertebrate organisms that
enter the biological food chain with the end result of GreenwIch Bay
being one of the most productive shelifishing and sport f1sihing spot,, of
the State.
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state's "Fresh Water Wetland Act" and local community zoning restric-
tions can be effective in preserving important wildlife units but does
not insure that these lands will be ret'nnd as areas open to public
access.

The impacts on fish and wildlife would vary depending on the ten
different alternatives. Those alternative,, which include the Natick
Diversion have the potential to adversely .. ect marine lJfi, in App..)nlt,
Cove if freshwater from the tunnel is mixed with the salt water of Ohip
cove. Those alternatives including the Warwick Ave Local Protecr on
Project (LPP) would not have a significant effect upon existing
fisheries due to the existing poor water quality. The Wurwick ',PP,
which would eliminate a meander of the river, would reduce the amoit. of
streambank available to fishermen assuming pollution reductioa and
fisheries restoration. Important wildlife habitat will be lost due to
the channel realignment. In addition, approximately 7 acrrc of the
Pawtuxet Reservation and one acre of the natural stream ci nnl may te
added to the lands occupying the Warwitk Industrial Park. Implemtenta-
tion of flood control storage at the Big River Reservoir cotld advere-
impact wildlife in the area if and when flood storage acti,,it ,'a i*,.;
place.
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SOCIAL IMPACT ANALYSIS

The social impacts of the alternative structural schemes for flood pro-
tection along the Pawtuxet River will be discussed in three parts.
First, the short-term impacts related to construction, second, t:ie big-
term impacts of the facilities and of protection, and third, thr: .'-p-c-s

of "no action."

Short-Term Impacts:

Since construction time is estimated at 2-4 years, "short-term" impacts
associated with construction require full consideration.

For two local protection projects abutting industrial aroas, (War;,1ck
Industrial Park and Bulova), the impact of construction on trafic 15 an
important consideration. Although both pro'ects are clofip to mae,
highways, the Warwick Industrial Park project, including (:eigy Cbe' : 01.
straddles a main local traffic artery between Warwt&' and Cranston.
Additional traffic control and otlier safety measuretz may ne-d to :

implemented in this area.

Two elements have been suggested for providing flood ,rcl ;c 'ectle,"
for the Norwood area; Norwood Local Protection, and t!,(e Q..rwooti i.,;r,
Bank. Both the construction and post-contruction I, tb t c tiLT. rxoo!
Local Protection project will have significant imparcts oi. 1:he iolglbor-
hood. Because the construction site is located fn a
with limited road ac-cess, the short term impacts relafec -
traftic and air and noise pollution are significant. e prtn-en, e of
heavy truck traffic over an extended period of time wil create a safety
hazard for all neighborhood residents. Local roads 1i this neighborhood
are limited in their capability to handle extensive use by this kind of

traffic. To miniaize these effects careful consideration of the selec-
tion of access routes, temporary easements, and genera, planning of

traffic routes will be given.

The Natick diversion project itself involves 2 sets of construction
impacts related to the intake site and the outlet site. At the intake
site, the impacts to be measured ar primarily noise (how much blasting
will be done, how close to homes, businesses or recreation areas) and
traffic. At the outlet site, these impacts must also be measured with
additional attention to possible disruption of recreation and marina
industry in Apponaug Ccve during construction.

Long-Term Impacts:

The long-term project impacts on pollution in the area are closely
related to the effects on land use. Over the past 20 years, Warwick has
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developed rapidly as a residential, ,:iamercial and industrial center a8

population and jobs moved south out )f Providence. This development Ic

in part attributed to trie [itotrstate Highway System paralleling the

river and within its flood plain. To the extent that local protection

projects make new tand avaiI,.ble for development, this trend may

continue, further en,,ouraging the oatn,', of commerce and industry in
Warwick.

The local f.ct.-:tin i roie't for the Warwick i;,Justrial Park will create

new land for industry. [Iowe.'r, since Lhe pattern of population move-

ment is already established, it is difficult to gauge the additional
contribution of the project to this pattern. It is also not known
whether the Warwick Industrial P irk development would provide Jol- for a

local or an area-wide labor farpe. In the latter case, the location of
jobs would affect the settlement of people moving to the area for

employment and their commuting patterns.

Protection of Norwood would make additional land available for housing,

encouraging new growth in an older area. The ,-rmbinatio:1 of new homeb
and greater protectiton would tncrease land and real estate val es.
Higher values may mean higher taxes3 and in those few cas' 'e ,

rent homes or flats, higher rents. This could result in or -. A roiu ,J-

tion for residents unable to afford these costs and rher, tn i)rin,

about changes in the structure of the neighborhood, the - . ,s i c :,t

by its residents, etc. Whether these increases in tares -; rents are

outweighed by the reduction ii annual losses warrants Jli ::hr - tud-,

In addition, the Norwee d project itself would displace 6-10 familits
whose homes are located in the path of the proposed dike. The numtel '

homes involved, the chracteristics of the displaced population and the

plans for relocation must be known to determine the significance of this

Impact. However, displacement is always an issue requiring serious con-

sideration.

Housing might also be affected in the future in the section of Cranston
opposite Norwood if the combination of protection on 1-he Norwood side

and increasing river heights increases flood frequency In thl t area.
This possibility depends on land elevations and related technics) data

and will be investigated. The appearance of the dike itself is unlikely
to affect real estate values on the Cranston side or otherwise impact

the neighborhood.

Another set of long-term consequences involves recreation and

recreation-related industries. The presence of dikes and walls at the
local protection sites means there will be no direct access to the river

1 these locations unless it is provided for in the final design. For

example, steps leading over the dikes could be provided leading to the
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thirty foot bf:.t.r zone and walkways ilong tl-.( ri er. Currently, the
land along the ri',-r is privately owned ald >;erke is the,-retically no
access to the rl.-:-, iherefore, ilt-.t e recreational development of the
river bar'ks in the;,, rons does not hat'e to be ruled out. The ,'; -ar-
ance of p. projects from across the river will det.'-mine their c-: ect

on passive recreat ton in the surr.,,, 'i it area. This effet s trpected
to be mtn-i-,1 sin, tni, proposai ai i romirily for earth ' except
in the indu*;trial areas ,wh!kich are, nut trailahle for r.rcrea: i any
case. Tho2 addition of a dam below the iiversion aid the pu.-moanent inlet
structure will rule out recreational development In that section of the
river. As there is already an existing dam 200 feet upci ream of the
proposed concrete dam, recreational opportunities in this area are
already timited. Since the towns have undertaken a study uf possible
recreational ,sites along the river, it .0,hajuld be possible to determine
whether any cotlicts exist between commlnity recreation plans -n the
project alternatives.

One other area of social in portance must .e considered.. At present
there are no pca ,s to lr ':ec t>. ,nwge treatment plant sludq':, 'isposal
fields at West Warwick. During flooding, material from these elds may

be swept Into the river, cre;ting health and pollution ,robl-, tiw-
stream.

If West Warwick were to Install siud~e digestors the on"ge currently

placed along the river will contain ,ignificantly lese. pollutants. Thus

when natural flooding 'curs the pollitlonal load do nstrcam Wll be
less. If the diversion is constructed, flood flows wil! be .93moat

eliminated on this area.

The other protection for the Norwood area is ilentifled as the Norwood
Land Bank. Its construction and post construction implications on the
local area are more extensive than those for the local protection
element. Implementation of the Norwood Land Bank scheme requires the

displacement of 30-35 families from this area. In some cases reloca-
tion of the present structure to another site could be accomplished;
whereas in other cases new homes could be purchased by displaced
residents. The stress assoclated with loss of home could be significant

in this neighborhood characterized hy i rather stable, 'lue-collar
population. Removal of structures would occur over several years, with
completion contingent ain construction of Big River Reservoir. Again
construction phase activities (closer to destruction) would be quite
extensi.ve causing significant traffic and air and noise pollution

etfects.

Impacts site specific to the addition of flood control storage in Big
River Reservoir are Indeterminable at this stage of study. Another on-
going study is already in the process of assessing the Impacts related

to water suppiv provisions. It is anticipated that providing extra
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storage capabiliLt woild not have any significant effects beyond these
experienced with provision of the water supply capability along.

The provision of flood control protection along the mainstem of the
Piwtuxet has significant land use implications. By decreastrg the f£ol
plain, new land becomes available for development, which previously
would have subject to NFIP regulations.

Finally, the diversion tunnel may affect popu-tLion movement if it has
any consequences for the stability of the buildings, roads and lapdo
lorated on the surface. Both homes and institutions are located on t ,c-
surface area and any oossible effects on these structures must be
studied. Furthermore, easements will be needed for these properties.

No Project:

This alternative, "do nothing", must be considered in stages, because
certain options on the basic plan can be elirinated without canceling
the project altogether.

Option 1: No local protection for Norwood. This option involves tv
social considerations. First, the completion of the Warq!.ck !,':ust; al
Park project which offers a high level of protection to Industr-al and
residential property in one flood prone area and not in aitl,c.; rafs'
the issue of equity. Is it politically and socially acceptable to fully
protect only one flood-prone area? The same issue arises in a more
acute form if the local protection is provided for Norwood -- all
residential in character -- while an additional local protection project
is proposed for another industrial location -- Bulova.

Second, failure to protect a residential area often results in deterio-
ration of the housing in that area. Essentially, this is what has been
happening in the Norwood area. Since the flood-prone sections of
Norwood include many older homes, the possbility of further deteriora-
tion must be considered if this area is unprotected. This is an
important issue in a city which has little adequate low cost family
housing. In addition, no new housing can be built In the area without
protection.

Option 2 - No diversion. In this case, only the industrial local
protection projects are builr, The heights of the dikes and walls are
increased, creating issues of aesthetics, and the possibility of future
flood damages outside the protected area is increased.

Option 3 - No project. If "nothing" is done the potential of future
flood damages is increased as in Options 1 and 2. In addition, develop-
ment of vacant lands in the industrial park is restricted and restric-
tions on new housing continue to apply in the Norwood area. Beyond
that, additional flood problems are also likely to develop in flood-
prone areas of West Warwick.
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Cultural Resources

Discussion with the Rhode Island Historic Preservation Commission
in 1976-77 determined that an underwater archaeological reconnaissance
in Apponaug Cove was needed in connection with the Natick Diversion
Alternative. The Elmwood Avenue landbank and Warwick Avenue Indus-
trial park are unlikely to contain significant cultural resources, due
to intensive modern residential and industrial development. As the
Natick Diversion alternative has boon dropped from consiceration, nr
effect is anticipated upon significant cultural resources vwthin the
Cranston-Warwick portion of the project.

Archaeological and historic resource reconnaissance studie3 ct the
Big River Reservoir were conducted in 1978 in asbociation .
feasibility stage planning for that project. These stud'-
identified 5 prehistoric archaeological sites and 25 historic s tes
and structures below the proposed water supply pool level of 3¢ '5 msl.
Impacts due to flood storage at 2.5 feet do not appear to sirn f4n.an;ly
cortribute to total impact o: the Big River Reservoir pro-jec!;. -- 1tiher
location, identification, and assessment of cultural resources Wi hin
Big River will proceed during future planning stages. Coorc .' 'en
with the Rhode Island Historic Preservation Commission w.iJ ,-.:inue
for both 'the Pawtuxet River and Big River studies.
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ECONOMICS OF TPE SELECTED PLAN

The economic criteria and preliminary economic evaluation applie" r
formulating the selected plan w-r- 'Lscussed in Appendtf 2. As a i >' .-

up to this basic criteria, this sE-ct .on presents nn in-depth economic
analysis of the structural c-nd non-sr,rctural features of the seleci.ed
.!an namely, 3i4- R--- PeserMotr; t) . 'arwick Local Protection Project and
the Norwood Lan.: Bank. Inc'-ded in :h1s analysis are a total first cost
ard project Investment; an'.' charges consisting of Interest, amortiza-
tion, operation and maintenance, maior replacements and the loss of taxes
on lands; and all benefits allowable under ER 1105-2-351, entitled
"Evaluation of Beneficial Contributions 7 N Eatural Economic Development
for Flood :ain Mianagement Plans." Also an ER 1105-2-353 analysis has
been performed on the benefits for the Norwood Land Bank.

COSTS AND CHARGES

FIRST CCSTS AND PROJECT INVESTMENT

Detailed e orimts oE con:ptrxction costs and costs for lands and damages
of the selecte' plan are .ummarized in Tables 7-1 thru 7-3. Applied upft
prices for the Warwick Avenue Industrial Park reflect December 1977 price
levels Iupdated to June 1978 costs. The unit prices for Big River
Reservoir were ba.sed upon a preliminary feasibility study performed in
1974 by a architectural engineering firm who originally designed 1_-e
majority of thLs proposed reservoir . These costs have been urdc 21d to
June 1978 levels lising ENR cost indexes. These are preliminary costs onXy
and used for plannaig purposes only. The cuirrpnt costac -_(_ ,:rrc--'Iy
under evaluation by this office and presented in other setns of the Big
River Report. Lands and damages at Virwick as well as relo-F.':jons were
included in the original estimate from Table 7-2. The preliminary cost
allocation of $452,000 for flood control at Big River Reservoir is shown
in Table 7-1. The preliminary cost estimate for -he Norwood Land B-nk is
shown on Table 7-3. Because of a recent detailed real estate evaluation of
all Norwood properties these annual charges refle~t May 1980 levels.

ANNUAL CHALRGES - See Below

Annual Charge Summary

6-7/8% - Dec. 78 P.L.

Option 1 Big River Separable F. C. Charges' 452,000
Warwick Avenue LPP 865,000
Norwood and Bank* 112,300

1,429,300

Option 2 Warwick Avenue LPP 865,000
Norwood Land Bank* 152,000

1,017,000

*Excludes uniform relocation assistance; May 1980 Price Levels

1 Based on the Big River feasiblity report currently being

prepared by the Corps of Engineers, NED, these cost have been reducite



TABLE 7-1

SINGLE PURPOSE FLOOD CONTROL RESERVOIR
AT BIG RIVER RESERVOIR SITE

COST ESTIMATE

Unit Total
Cost Cost.

Preparation of Site 1,550,000
Stream Control - 407,000
Earth X-Common 82,000 CY 2.40 196,800
Earth X-Borrow 200,000 CY 2.20 440,000
Impervious Blanket 90,630 CY 3.20 290,000
Rock X-Open Cut 40,000 CY 10.00 400,000
Embankment (Rolled) 232,000 CY 0.90 208,800
Select Gravel 22,000 CY 8.20 180,000
Rockfill Placing 50,000 CY 2.70 135,000
Concrete, Mass. 7,600 CY 130.00 988,000
Concrete, Reinf. 4,200 CY 190.00 798,000
Bridge Superstructure 1,260 SF 40.00 50,400
Gates and Machinery - 26,000
Stoplogs 320 SF 60.00 19,200

Misc. Items 10% + 350,000
Cen .ry Relocations 45 Graves 1,200.00 54,000
Road -e ,cations 13,000 if 166.00 2,158,000
Utilly Rel'nations 26,000 if 30.00 730,000

Uontingencies 10% + 1,730,000
Buildings, Grounds & Utilities 133,000

E&D - 12% 1,292,000
S&A - 15% 1,615,000

Lands and Damages 3l626,000

TOTAL COSTS - $17,398,000
2 yrs. x 1/2 x .06125 1,065,630

Construction Cost $18,463,630
Interest (.06125) 1,130,000
Amortization (.0001086) 2,010

ANNUAL CHARGE $ 1,132,910

Using Preliminary Scrub Method

TOTAL CONSTRUCTION COSTS $ 3,930,000
ANNUAL COST $ 452,000
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IABLE 7-2

PROJECT COST OF STRUCTURAL ELEMENT OF TIHE SLECTIED PLAN

WARWICK AVFNUE I.OCAI. PROTECTION

Est looted
-Item. Q _uantties lnt Unlt C ,st .otl Cot

-

i ~ CoNSrRiCT1OS COSTS

Preparation of Sit, I Job U.S. 3'),000
Contrl aol Diversion of River I Job I.. . IlO,00OO
CoFon Ec at on 139,500 c. v. 4. 70 6'6,000
" Protection Srtone 22,000 c y. 5.00 770,000

42 Protestio Sone 2,200 c.y. 3l.00 77,000
Prote.ion Sto- (10' wid,) 13,900 . s.O 497,000
12' ledding Stone 10,800 c.v. 35.00 378.7000
-rshed Ston, 0,400 n.y. 9.00 94,000

12" (;rave 1Bedding 17,500 cV. 9.00 158,7(w0
o. -ravel Fill 14,500 c.v. 9.00 116,000
Conp. lipervious Fill 3,400 c.v. 6.00 200,000
Cop. Random Fil l 25, 100 c. V. 4.7) 119,000
Comn. Sand Fill 6,900 ".y. 6.00 41,000
Cop. Pervioss Fill 39,000 roy. 6.00 234,000
Topso I 1, 100 c. y. 8.00 10,000
Sed ing 7,OO sy. 0.60 5,000
Fit uinous Paovement 1,100 s.y. 4.00 ,000
Concrete T Walls 5,400 n.y. 140.00 756,000
Co-nrete I. Walls 1.700 c.y. 140.00 238,000
Concrote I Walls 250 c.y. 140.00 35,000
Cornrete Gravity balls 650 c.y. 100.00 65.000
Stoplog Barrer . Warwick AvenIe I Job L.S. 15 000
Coonrete-Pdestrian (;ate 140 cv. 140.00 20,000
Conrete-Railroad Gate 300 -.y. 140.00 42,000
Cement 47,700 cwt 3.00 143,000
Relnforclns Steel 1,170,000 lb. 0.50 585,000
Structural Steel - Pedestrian G;at. 5,900 lb. 3.50 21,000
Structural Steel - Railroad Gate 17,400 lb. 3.50 61,000
Steel Sheet Piling 9,200 S.F. 9.50 78,000
9" BCC P (Sub-drain) 3,600 L.F. 6.00 22,000
Interior Drainage I Job L.S. 378,000
Pumping Stations 2 Job L.S. 1,002,000

Sub-Total 6,949,000
Contingencies (20%) 1,390,000
Sub-Total 9, 339,000
Engineering & Design (14.5t) 1,209,000
Supervision 6 Administration (9.02) -- 750 .00

TOTAL CONSTRUCTION COSTS 10,298,000 - $ 10,298,000

COSTS FOR LANDS AND DAMAGES

Lands and Improvements (Fee/
Permanent Easement) = 08,000

Temporary Construction Easements - 49,000

Severance Damages - 0
Relocation Assistance Costs - 2,400
Acquisition Costs - 24,000

ContinRencies ' 32,500

194,900
TOTAL LANDS AND DA4AGES COSTS (ROUNDED) - 200,000 200,000
TOTAL PROJECT FIRST COST $ 10,498,000

TOTAL PROJECT FIRST COST (UPDATED TO SEPT. 1978) $ 11,170,000

INTEREST DURING CONSTRUCTION 1,152,000

TOTAL CONSTRUCTION COST 12,322,000

INTEREST (AMORTIZATION .06884) 848,250

OPERATION AND MAINTENANCE 15.000

863,250
(Rounded to) 865,000



TABLE 7-3

PRELIMINARY ESTIMATE OF REAL ESTATE COSTS
NORWOOD LAND BANK

MAY 1980 PRICE LEVELS
7-1!8% Interest Rate

Land and Improvements
54 Improved Properties $1,350,000
Contingency (20% of above) 270,000

$1,620,000

Relocation Assistance Costs
36 Owner Occupied Units @ $15,000 540,000
18 Tenant Occupied units @ $4,000 72,000

Acquisition Costs
54 Private Ownerships @ $3,000 162,000

$2,394,000
Rounded -$2,400,000

Option 1 - With Big River Reservoir
Costs for 40 Homes $1,780,000
Annual Charge Without Relocation Assistance 126,800

Option 2 - Without Big River Reservoir
Costs for all 54 Homes $2,400,000
Annual Charge Without Relocation Assistance 152,000

4



BENEFITS

BASIC BENEFITS

The benefit analysis will consist of the South Branch of the Pawtuxet
(Zones 2A-1 and 2A-2) and on the main stem Pawtuxet River, Zones 3
through 8. With the area experiencing a rapid growth throughout the
basin, flood discharge frequencies, as explained in Appendices I and
4, are expected to increase 10 percent between the initiation of the
study (197?) and 1990 and another 10 percent between*1990 and 2020.
All damages and benefits, updated to Jun- 1978 price levels, reflect
the level of drivelopment present in the watershed for mid-1972.

The key elements of the selected plan are Big River Reservoir, the
Warwick Avenue local protection works, and the Norwood Land Bank.
These first t-io flood control measures are the only structurally
oriented cor-ctive measures that are acceptable to local interests,
economically justified on an incremental basis and satisfy some of
the local flood control needs of the basin. Big River Reservoir
would be a multt-purpose reservoir located along a tributary stream
(Big River) of the South Branch of the Pawtuxet River. By increasing
the height of this proposed water supply dam at Big River by a small
increment, curreutly estimited at 3.0 feet, additional flood protec:-
tion to downstream areas would be provided. The increased height
would provide about 9,500 acre-feet of flood control storage,
equivalent to about 6 inches of runoff from a drainage arei of 29.7
square miles.

The Warwick Avenue local protection project consists of a system of
walls, dikes and appurtentant facilities that provides limited
regional flood protection to the area known locally as the Warwick
Industrial Park, establishments along Warwick Avenue in Warwick and
the portions of the Ciba Geigy plant in Warwick. A complete descrip-
tion can be found in Appendix 4.

The Norwood Land Bank consists of the outright purchase of 40 to 54
homes in the Norwood peninsula also locally known as the Belmont
section of Warwick. These homes are all highly flood-prone from
events more frequent than a storm with a 8% recurrence interval.
They have been flooded several times in the past 10 years, several
receiving first floor flooding.

Flood damage reduction bonefits which accrue to the reservoir are the
difference between flood damages without the project in each reach of
the river to be affected and those remaining with the project in
operation.

For the local protection project, benefits were measured as the
residual losses after reductions in flood flows by the reservoir for
all ranges of floods up to the Standard Project Flood.

5



As stated in Appendix 1, indications are that a flood of an eEt.mated 20
year frequency would have caused recurring losses in excess of $1,500,000
in zones 4 through 8 along the main stem, based on damage stirveys
conducted in 1972-73. Approximately 10 pe-rcent at these losses would have
been residential, 16 percent commercial and 10 percent industrial, with
the remaining 4 percent in the utility, public, highway and erosion
categories. Breaking those losses down by community, Warwick and
Cranston would each receive about 47 percent of the total losses with the
remainder in West Warwick. If a flood of an estimated 50-year frequenc.'
had ocurred losseq would have risen to over $7,000,000 with 5 percent
being residential losses, 17 percent commr-r -al, and 76 percent industrial
with the remaining 2 percent in the other cacgories. Warwick would have
sustained 69 percent of the losses, Cranston 29 percent and West Warwick
the remainder.

Benefit Estimation

Flood control benefits are defined as flood damages prevented and are
based on estimates of potential damages in the flood plain. Flood damage
surveys were made which provided dollar estimates of both physicai and
non-physical losses, by property type, In each zone, related to various
stages or elevations of flooding. The result of these surleys are stage
damage relationships referenced to specific fln,-ding elevations
experienced in a flood of record. T' e determination of annual damages
requires the correlation of hydrological stage frequency data for each
damage zone and the stage damage data to produce damage-'ixtc'ncy
relationships. Plates 7-1 thru 7-5 show all of' the above relationships.
Annual benefits are the dollar difference betwtsi dJ.,'age:. ";g undr
natural or existing conditions and those that Jc:ar with 3-, ci~,er
Reservoir and the Warwick LPP in place. Based on current practice in this

office it would be at least 1990 before construction of the projects could
be reasonably assumed to be completed. Thus 1990 was taken as tht base
year for benefit analysis.

Table 7-4 shows the average annual damages, annual benefits to Big River
Reservoir, residual annual benefits to the Warwick local protection
project and the annual losses remaining with project implementation in the
five impacted zones.

FUTURE GROWTH BEFORE PROJECT COMPLETION (1972-1990)

From the date of the initial damage survey (1972) to the present (1978)

numerous new structures have been built in the flood plain, many below the
existing hundred year flood ievel at a greater growth rate than previously
discussed in Appendix 1. A, these new structures and those expected to be
built before project implementation are subject to flood losses, they could

6
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TABLE 7-4

AVERAGE ANNUAL LOSSES AND BENEFITS AS
MODIFIED BY THE SELECTED PLAN

1990 BASE YEAR
JUNE 1978 PRICE LEVEL

Benefits to New Benefits Final
Total Annual Big River Residual to Warwick Residual

Location Damages Reservoir Losses LLP* Losses

SOUTH BRANCH

Zone 2A-1 500 400 100 - 100
Zone 2A-2 29,000 24,600 4,400 - 4,400

Sub Total 29,500 25,000 4,500 4,500

MAINSTEM

Zone 3 900 450 450 - 450
Zone 4 252,020 105,950 146,070 - 146,070
Zone 5 154,860 66,220 88,640 - 83,640
Zone 6 104,580 49,800 54,780 - 54,780
Zone 7 328,150 117,890 210,260 0 210,260
Zone 8 509,990 149,250 360,740 307,170 53,570

Sub Total 1,350,500 489,560 860,940 307,170 533,770

TOTAL 1,380,000 514,560 865,440 307,1,,0 558,270

Updated to
Average 1979
Price Level 1,504,200 560,900 943,300 334,800 608,500
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also be afforded a high degree of protection by the selected plan. In ac-
cordance with Water Resources Council guidelines projections of future
growth in the flood plain must be made assuming provisiorns of the Naticnal
Flood Insurance Program will be adhered to. Thus any new growth projectel
to occur below the 100 year level must be limited to industrial and
commercial establishments and must be flood proofed to this level.

The first step in estimating future losses and benefits due to growth ;n
the Pawtuxet River flood plain was to assess present lane use and then
project future land use demands. As statod in Appendix 1, projections wc-rv
made for 1990, the proposed project fmplemeri-1t ion date and the date w0,hrK
corresponded -o OSERS projections and for the ,ear 2040.

Projections of deiaolraphic and economic activity within the affected area
were made independeit of any plan for flood control. Indicators used for
the proje-tion<, 'owth were r opulation, housing units, and industrial
and commercial , r develcopmr-it. These projections were converted to
land use dem ,.- i;i h,: )enc1Lat.c years utilizing indicator land use ratio:3
derived from ,s'> 1. rItt - :pressed on an annual rate "-s!
(acres/year) land e demanc' in fhe flood plain of the Pawtuxet River fl )d
plain is as foil.)w,,

(.970 -, 1990 1990 - 2040

Residential 3.8 4.n
Commercial 5.1 3.'
Industrial 3.0 2.9

These figures are representatIve of land ie-ded or demanded for deve.op-
ment in the flood plain, however, constraints on land supply prevent total
absorption. The taost important constraint is the National Flood Insurance
program. Warwick and Cranston operate under the regular program.

To determine the potential lossei expec-ted to result from anticipated
growth for industrial, commercial and residential structures from 1972-
1990 the following method was employed. For industrial growth, the stage
damages for each industrial concern within the Warwick Industrial Park
(Warwick Avenue Area) were combined using the 1968 flood stage as a
reference point. Most of these establishments did not have water inside
the building or above the first floor elevation. (Most do not have base-
ments.) On the average, there were between two and three feet between the
first floor and the 1968 flood. A combined stage-damage curve was then
prepared. From the damage s, :'vey records and a survey of the area, the
dimensions of each structure were obtained to determine the square footage
of building space and aproximate land area. A unit stage damage curve was
then prepared by dividing the damage at each stage height, relative to the



1968 flood, by the combined area of the industrial structures. The final
unit stage damage curve for industrial establishments is shown on Plate 7-
6 and is based on a 1000 sq. ft. structure. As any new growth that occurs
below the 100-year flood level must be floodproofed to that stage, the
100-year flood for the unit stage damage curve was established. On the
unit stage damage curve, the +2 elevation was assumed to be equal to the
100-year flood; the elevation at which water would enter the building and
begin to cause significant damage.

Similar unit stage-damage curves were prepared for commercial and
residential structures. The basis for the data on commercial structures
was the stage damage relationships at the Warwick Mall complex (vicinity
of northerly bank at river mile 8.5) and the commercial firms at the
Warwick Industrial Park. The damage information was divided again by the
total area of buildings to obtain the unit relationships.

Residential growth projections involved an analysis of the area to
determine what types of units have been built recently and what are likely
to be built in the future. A further consideration was the interpretation
of the National Flood Insurance Act which states that no residential
structure can be built within the 100 year flood plain. It further states
that the first habitable floor of new construction must be above the
100-year flood limits.

Several new apartment complexes have been built along the main rstem and in
Zone 6B (lower Pocasset River reach) with the basement level at the 100
year elevation. This appears to be the trend in certa n portions of the
available -,acant residential and for the main stem zon, s- It will be
assumed that the only residential land growth susceptible to significant
damage within the flood plain will be limited to multi-unit apartment
complexes similar to ones already built in the area.

In order to arrive at the unit-stage damage curve two apartment complexes
were analyzed. The elevation of the first floor was determined by
inspecting the stage-damage relationship. The two apartment complexes
were then merged together for structural losses, contents and miscel-
laneous items such as non-physical losses. The latter item was most
important as the instant water reaches above the floor of the basement or
slab grade apartments, the entire heating and cooling plants along with
the power transformers would sustain damage. It is then customary for the
local building inspectors to revoke vacancy permits. Thus the entire
complex, even with on!. Y one foot of water above the floors would be closed
down. The duration of the closing is dependent upon the depth of flooding
and the ease with which replacement parts can be obtained. Though this
type of flood which woul4! cause damage to these new apartment complexes

9



would exceed a hundred year event, many would sustain heavy damage to their
power and heating plants in less frequent events. Replacement of these
items has been estimated at a minimum of four weeks. Thus, for this
category, even with only one foot of water the entire complex would be
vacated for a minimum 4-week period. The typical complex consists of a
basement or grade floor with three floors and eight units per floor.

A further analysis was undertaken to determine what percent of a
particularly zoned area would be actual structure. From similar type areas
within the watershed, the average acre had the following percent buildup:
commercial -27.5 percent; industrial -30 perrent; residential -20 percent.
For residential growth each acre of land had one 8-unit per floor for

four floors per building relationship

It was then necessary to determine where the growth could occur and how
much acreage would be developed for each of the three major land use
categories. Table 1-12 in Appendix I represents the available land within
the flood plain. It is significant to note that 53 acres of commerciol
land are available for growth, of whici 24 are located in the floodway.
As grading of the floodway for non-structural type usage such as parking
lots is permitted, this full amount of land can be utilized with careful
planning. Utilizing the growth rate calculated for this category, and
dividing the available land by the growth rate, it is evident that withoit
rezoning or reclassification of exist!rig land, the available commercial
land will be saturated with growth within 10 years from the d3'e. of
analysis. From the land use analysis, it was determined that 75 percent
of the projected commercial growth would be located in Zone 'K ind the
remainder in Zone 8.

As sufficient land is available for both industrial and residential

growth, saturation will not occur in the 1972-1990 growth period.
Industrial growth, which will consume a total of only 39 acres of vacant
land, was estimated to occur at the following percentages for the
specified zone:

Zone 4 23%
Zone 5 33%
Zone 6 22%
Zone 8 22%

Residential growth was assumed to take place at a rate of 4.4 acres per
year. Since residential land is at a premium, it is likely that only
multi-family housing will be built and it is assumed that this type of
housing (apartment complexes) would be only in Zone 4. Therefore, future
residential growth was estimated only for this zone.

10
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Table 7-5 summarizes the total losses, benefits to the selected plan and

residual losses from all 1972 to 1990 growth. Plate 7-7 shows a ss'iple
determination that was applied or industrial growth per acre for Zotte 5.

FUTURE GROWTH OVER PROJECT LIFE (1990 - 2090)

This phase of growth activities will occur after the selected plan is

operational. Growth will continue to occur at the pre-project gro4t rate
of 3 acres per year for industrial zoned land. Growth will not be
determined for residential use as existing multi-family zoned land Is

rather limited. Commercial vacant land is non-existent. Rezoning of
vacant industrial land or single family residential land will not be
assumed, although this practice has occurred within the study area. At
the base year for project implementation, 1990 approximately 550 acres of
industrial land should be vacant within the standard project fLood
confines. Significant vacant land is available in Zone 5, with lesser
amounts in Zones 4 and 6. Little vacant land is available within the
Cranston portions of Zones 7 and 8.

Benefits were estimated, after project inplementation, for industrial
growth in Zone 8 only. This is due to the fact that the Warwick local
protection provides protection up to the standard project flood --fer
implementation. Several of the existing firms in the Warwick In(,r-trial
Park (Warwick Avenue area) are now prohibited from enlarging the :-
facilities because of existing constraint on expansion w ' th, fifty
year flood plain.

Because of the durability of locating within the Warwick Indtu;trial Park
(sewered area, adjacent to good connecting highway system, availability
of public water supply and public transportation) new growth will con-
tinue in this area until the existing vacant land becomes saturated. In
the period prior to project implementation (1972 - 1990), 12 acres of

growth occurred within the Warwick Industrial Park. Growth during this
period for industrial concerns averaged 3.0 acres per year but was spread
among Zones 4, 5, 6 & 8. For the above mentioned reasons all growth
after project completion will occur in Zone 8 (3.0 acres per year) until
available vacant land is saturated. Approximately 50 prime acres of
vacant industrial land were available at the base year. Twelve acres
were developed during the pre-project growth period and it is assumed
that roughly 25% of the land will be left vacant or used for road and
sewer systems. At a growth rate of 3 acres per year saturation will
occur in approximately nine years, (1999). Base elevations were then

determined utilizing an average elevation of the existing vacant land and
adding one foot to account for regrading and raising of the first floor

11



TABLE 7-5

1972 TO 1990 FUTURE GROWTH
BEFORE PROJECT COMPLETION
JUNE 1978 PRICE LEVEL

Benefits to Benefits Final
Type and Total Annual Big River Residual to Warwtck Residual
Location Damages Reservoir Losses LLP* Losses

INDUSTRIAL

Zone 4 57,720 23,190 34,530 -34,530

Zone 5 98,890 34,770 64,120 -64,120

Zone 6 64,550 25,380 39,170 - 39,170
Zone 8 62,310 14,490 47,820 34,390 13,430

COMMERCIAL

Zone 4 96,800 42,530 54,260 - 54,260
Zone 8 26,110 7,650 18,460 12,910 5,550

RESIDENTIAL

Zone 4 138,060 53,560 94,490 -94,490

TOTAL 544,440 210,570 342,850 47,300 295,550

Updated to
Average 1979
Price Level 597,500 221,300 376,200 51,600 290,800
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TABLE 7-6
Summary of Average Annual Benefits

for the Selected Plan
June 1978 Price Level - 6-5/8% Interest Rate

Type of Benefit Big River Warwick Local Summation

Reservoir Protection

Basic Flood Control $514,560 $307,i0 $7J

1972 to 1990 Growth $201,750 $ 47,300 1- JiO50

1990 to 2090 Growth $320,280 $565,150 $886,030

Location -- $ 20,750 20,750

Total Benefits $lt036,5901 $940,070 Sr,2..i00

Total Annual Charges $452,0002 $365,000 $1,317.000

Benefit to Cost Ratio 2.29 1.09 1.48

1 As the recommended plan does not consider the Warwick A%7enue

Local Protection, the 1990 to 2090 growth benefits have not h

included. Thus, the total flood control benefits for the Big River
Reservoir Project are equal to $716,310. Update to Septemb)er 1978,
the benefits are approximately $725,000. Updated to average !979
price levels, the benefits are 782,200.

2 For detailed costs, see separate feasiblity rcport on Big Ri'.er

Reservoir.
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structure. A new dummy unit stage damage curve was then prepared for
this elevation. Damages were then evaluated in the absence of a lood
control plan. Residual losses were then determined under modified
conditions. Future industrial losses 're shown below. The Uarwick loca
protection works is taken as a second anded in the system with Big River.
The reservoir reduced floor stages at the protected areas and the system
of walls and dikes at the Warwick Industrial Park offered complete
protection up to the standard project flood. All residual losses up to
the .15 percent annual chance of occurrence becomes a benefit to the
local protection project.

FUTURE INDUSTRIAL LOSSES

1990 - 2090

1978 Price Level; 6-5/8% Interest Rate

Location Total Annual Benefits to Big Residual Benefits to Final
Damages River Reservoir Losses Warwick LPP Residual Loss

Zone 8 $918,530 $320,280 $598,250 $565,750 $32,500
TOTAL $918,530 $320,290 $598,250 $565.750 $32,500

LOCATION BENEFITS

The ability of the project to make protected flood pla,-i LI:.A ivailab]e

to new activities that would use the flood plain only i:fter fmplemen-
tation of the selected plan results in location bene!4 its. Tle value of
this benefit is determined by employing two different ;.echniques in
accordance with ER 1105-2-351: (1) the change ir the market value of
land in the flood plain and (2) net income differences. Method (1) was
selected for final calculations as it is the most quantifiable and
factually supported method at the field level. Location benefits were
taken only for the area protected by the Warwick Local Protection Works
(Zone 8, Warwick) based on the high degree of safety against flooding
provided. Big River Reservoir will have the effect of lowering flood
stages one to two feet along the main stem thus changing flood plain

limits, however, the consequence of urbanization could somewhat offset
this favorable development. For this reason location benefits were not

estimated for Zones 4 through 7. With the Warwick LPP in place and
operational it was estimated by real estate brokers in the area and NED
real estate personnel that thr: value of vacant industrial land would

J4
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increase at least $.25 per square foot. This is based upon real estate
estimates of value of comparable flood - prone versus flood-free land.
After the Warwick LPP is operational 27 vacant acres would be available
for development. This increase in value is calculated as follows:

27 acres X 43,560 s.f/acre X .25 - $294,030
$294,030 X .09 (the Federal rate of return ) - $26,463

Since the vacant acreage will be developed gradually up to saturation in
nine years the benefit must be discounted based on 9"years of growth, 100
year project life and an interest rate of 6-5/8Z.

The location benefit now equals $20,750.

1i
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Benefit Analysis for Non-Structural Flood Control Plan
for the Norwood (Belmont) Area of Warwick Rhode T sland

Benefits estimated in the following sections are those which accrue

through the implementation of a non-structhlral flood control plan in-
volving the 60 highly floodprone residential properties located on the
Norwood peninsula. Essentially the plan involves outright purchase of
various properties and evacuation, through demolition, of them from the
flood plain. The Norwood area has a history of flooding with the most
notable events having occurred in the years IQ68, 1978 and 1979. A
structural plan consisting of walls and dikes has been formulated to
protect the Norwood area, however, the plan is not economically

justified.

Benefits were evaluated in strict adherence to ER 1105-2--353,

"Evaluation of Non-structural Measures" under the follculng categories:

I. Net Income Earned by 'ctivities Occupying the Iloodplain with
the Project

II. Reduetton of Externalized Flood Damages

A. Reduction of Flood Emergency Costs
B. Reduction of Insurable Food Damages
C. Reduction of Flood Damages to Utility, Transportation and

Co.muncation Systems

III. Other Public Savings

IV. Locational Advantage Accruing to Off-Floodplain Properties

Adjacent to the Open Space

I. Net Income Earned by Activities Occupying the Floodplain with the

Project.

The "with project" condition would consist of the purchase and

demolition of the properties in the Norwood area. Subsequent to the

demolition, the area would be graded and seeded resulting in an open
green space. At that time the Federal Government would still own the land

and the future ownership, e.g. sale to the city of Warwick, is not known.

It is also not known to what use the vacant land would be put. Certain
cost sharing arrangements cotul be undertaken between Warwick and certain

Federal agencies to construct recreational facilities, however, future

courses of action are unformulated at this time. For the above reasons,

no estimates of the type of new activities that would occupy the

floodplain, demand for the new activities and dollar value per use have

l'ect made. Consequently, benefits or net income earned by new activities

have not been estimated for this category.
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II. Reduction of Externalized Flood Damages.

Externalized flood damages are actually costs which are not bco~rn by
without-project floodplain occupants. These externalized costs of
floodplain occupancy are typically borne by taxpayers or firms providing

services to floodplain activities. Therefore, elimination of the
externalized costs result in a benefit which accrues to the nonstr,?t, r1!
plan. The benefits are evaluated under the following three categom &,.-

A. Reduction of Flood Emergency C=-ts.

Flood emergency costs consist of costs that accrue dire ctly as a
result of floodplain inundation. In the absence of a flood potential for

the area, these costs wold be eliminated and would result in a benefit.
Example of emergency costs are: (1) overtime pay to police, fire, public
works civil defense and other rescue related personnel, (2) shelter costs
involved in housing, feeding and treating floodplain victims who were
evacuated from their homes and (3) equipment costs for rescue vehirlen,
fire engines, pumps, and public works vehicles In,,olved in the evacuation
and flood-fighting effort. Since flooding occurs on a non-regular basis
and in differing intensity, data on emergency costs Is somewhat difficult
to ascertain if not collected by specific event by onu central ,geoncy.
In the city of Warwick, the data had to be collected after the J1*,t by
one agency, therefore, an additional source was al:o e.n)'?Iyed. F!is
source was damage survey in other cities after specif> --onts. The
percentage of emergency costs of total damages was e-11 U te r.'.plied

to total damages in the Norwood area for a specific ev-. Tot-'l
emergenvy costs were estimated at approximately 16 perc.'d of f.rtal
losses at each stage event, and then annualized. This is equal to
$48,366.

B. Reduction of Insurable Flood Damages.

Since the Norwood area is in Warwick, it is eligible for flood
insurance under the National Flood Insurance Program. The premium for
flood insurance coverage is subsidized by the U.S. Government In high
risk areas. The subsidized portion of flood insurance costs is a benefit
nationally, since its elimination is a savings to all U.S. taxpayers; tax
funded subsidies support flood insurance payments. The following method
was used to compute the benefit for flood insurance subsidy savings.
Coverage for structure and contents for each property was estimated
separately. For each structure in the Norwood area the elevation of the
first floor and the elevation of the 100-year flood was ascertained. The
height of the first floor above or below the river elevation was computed
from actual field surveys. Using the appropriate tables in the ;ed,2ral
Flood Insurance Manual, the premium paid per $100 of coverage was folind
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based on the type of structure and the height above or below the river
elevation. The actual policy hnlders permium, $.25 per $100 of
coverage was subtracted from the -otal premium to obtain the subsidized
portion. All property owners were assumed to purchase insurance up to
the assessed value of their properties. Computations were made for
each structure and the total subsidy to coverage to structures was
$45,762. A similar method was used to establish the subsidized coverage
for contents. Based on previous studies it was assumed contents are
valued at 50 percent of structural value and it was assumed that
homeowners will insure up to that amount. A $10,000 ceiling was placed
on contents coverage as this is the limit for the first layer or
subsidized portion of flood insurance coverage for residential contents.
Again computations were performed for each property and the subsidized
porti-on of premium payments for contents coverage was $23,588. The
t.with-project" condition would result in a total annual saving (benefit)
of $69,350. A final adjustment to the benefit is to allow for
deductibles on both the structural and contents coverage. Both
categories were redu~ced by 2 percent to account for this and the
resulting bencfi: is $67,970.

C. Reduction of Flood Damages to Utility, Transportation and
Communication Systems

Recurring damages under this category were estimated by damage
appraisers from this office for various stages of floodrg In the Norwood
area. Damages stemmed from weakened utility poles and resulting line
damage, cracked and heaved asphalt roads and damage to bot:Ie fas set
ups. Combining stage damage data with hydrologic stage ftcqu-eney date
results In annual losses of 30,600 which would become a benefit. tinder the
1.with-project" condition.

III. Other Public Savings.

Another externalized cost which relates to the flood insurance
program is the cost of its administration. Elimination of this
administrative cost is a savings to the nation. The benefit is based
upon the average cost per policy including agent commission, servicing
and claims adjusting costs. The cost for agent commissions is 15 percent
of the payable premium and for this study the savings (benefits) amounts
to $11,172. At this time, servicing and claims adjustment costs per
policy could not be determined from agency sources, therefore, the
$11,172 will stand as the benefit.
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' IV. Locational Advantage Accruing to Off-Floodplain Properties Adjacent
to the Open Space.

The positive externality or adjacent lands reflects the amenity of
living near park land or open space and is measured as the projected
increase in market value of property adjacent to the encumbered
floodplain. This benefit was not evaluated based on the unique

geographical location and neighborhood makeup bordering Norwood. The
fact that the area is a peninsula bordered by the river and a maia street
with an industrial/commercial/residential mix makes evaluation d!tficult.
In addition the benefit must be documented by empirical evidence not
available at present.

Summary of Benefits Accruing to Non-Structural Flood

Control Plan (Evacuation) for the Norwood Area

Benefit $ Value

Reduction of Flood Emergency Costs $ 48,366

Reduction of Insurable Flood Damages 67,970

Reduction of Flood Damages to Utility,
Transportation and Communications Systems 30,( )(,

Other Public Savings

Total 15 "

*for 50 homes

Benefits for different number of homes are based on average benefit
per house multiplied by the total number of homes to be acquired.
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